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THE  c;VROSC()PE  AND   ITS  APPLICATIONS 

REMARKABLE  EXHIBITION  OF  ITS  GREAT 
P()\VKH_rSE  IN  STEADYINC;  SHIPS,  MONO- 
RAIL LOCOMOTION,  AERIAL  (  RAFL  AND 
AS  A  MARINER'S  COMPASS 


The  670th  meeting  of  the  Society  of 
Arts  was  juhh-essed  by  Mr.  E.  A.  Si)erry 
of  New  "^'ork,  who  descrilied  the  practical 
uses  of  the  gyroscojje  and  some  new  aj)- 
pHcations  of  gyroscopic  princii)U's  to 
whicli  he  has  given  a  great  deal  of  study. 
He  i)assed  the  summer  of  1909  in  Euroj)e 
investigating  various  a])plications  of  tlie 
gyroscope  including  l)octor  Schlick's 
method  of  ship  control  and  the  Brennan 
monorail  railroad.  Besides  many  lantern 
slides,  the  lecturer  demonstrated  the 
principles  of  the  gyroscope  by  means  of 
ingenious  operating  apparatus.  It  is 
unfortunate  that  the  press  of  other 
matter  does  not  permit  us  to  print  Mr. 
S})erry's  lecture  in  full,  and,  we  there- 
fore may  not  be  able  to  give  as  complete 
an  explanation  of  precession  as  is  neces- 
sary to  make  this  phenomenon  ])erfectly 
clear. 

Mr,  Sperry  said  that  there  was 
in  the  early  history  of  our  navy  a 
torpedo  known  as  the  Howell  tor- 
pedo which  depended  for  its  action 
upon  the  rapid  rotation  of  the  fly- 
wheeJ.  The  torpedo  was  a  cigar-shaped 
device  and  amidships  was  a  steel  fly- 
wheel some  16  inches  in  diameter 
which  rotated  up  to  about  16,000 
revolutions  per  minute.  This  rotation 
^^as  so  great  that  the  clearance  of 
1-64  of  an  inch  around  the  periphery  of 


the  ffy-wheei  was  taken  up  \)y  the  ex- 
pansion of  the  wheel  due  to  centrifugal 
stress  and  was  utilized  as  an  automatic 
brake.  The  fly-wheel  was  spun  up  by  a 
Dow  steam  turbine  which  was  the  fore- 
runner of  the  steam  turbine  of  the  present 
day,  Mr.  Nixon,  late  of  the  navy,  had 
charge  of  the  marksmanship  tests  with 
the  Howell  torpedo.  At  the  first  trial 
they  had  some  difficulty  in  starting  the 
machinery,  but  after  the  required  veloc- 
ity of  the  fly-wheel  had  been  fully 
reached,  it  was  found  that  the  warshij) 
on  which  the  tori)e(io  was  located,  and 
which  was  anchored  in  the  bay,  had  been 
turned  by  the  tide  and  the  torpedo  which 
had  been  jjointed  toward  the  target,  was 
now  pointed  in  an  entirely  different 
direction.  Several  of  the  members  of  the 
crew  were  called  to  point  the  torpedo  over 
toward  the  target,  but  they  found  it  im- 
possible to  make  it  change  its  direction. 
A  large  gang  of  men  was  pressed  into 
service  and  in  response  to  the  great  force 
employed,  the  torpedo  began  to  slowly 
change  its  direction  with  relation  to  the 
ship.  Upon  sighting  the  torpedo,  how- 
ever, it  was  discovered  that  it  was  pointing 
as  far  from  the  target  as  ever,  and  on  ex- 
amination it  was  found  that  the  torpedo 
with  its  gyroscope  wheel  had  absolutely 
refused  to  turn.  The  crew  had  moved 
the  ship  around  under  the  torpedo.    This 
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was  one  of  the  first  oeeasioiis  wlioti  tlie 
tn^neiulons  power  of  the  nyroseope 
iiiaiiifested   itself. 

H<>ferrinj:  to  Ki.u.  1,  Mr.  Sperry  Humi 
(leserilH'd  the  gyroscope.  There  is  a 
spimiinj;  mass  A  suspetuied  in  a  unixersal 
joint  made  of  two  rings  ('  and  I)  j)ivoted 
together  at  KK  and  suj^ported  on  the 
pivots  (i(i  hy  the  standard  F.    The  ring 


Kig.   1      (iyroscope 

('  i.s  calh-d  tlie  precessional  ring  and  the 
ring  I)  is  called  the  base  ring.  In  this 
particular  cut  there  is  a  hrake  wlieel  I 
attached  to  the  i)recessif)nal  ring  in  such 
a  way  that  it  may  he  locked  to  the  base 
ring  D.  Pleas<-  understand  that  in  this 
ca,s^  the  brake  is  loosened,  so  tliat  the 
two  rings  are  free  to  move  with  relation 
to  each  other  about  the  pivots  EE. 
^^'hen  a  force  is  impressed  on  the  ring  1) 
a  ver>-  peculiar  thing  happens.  The 
in^ttant  .such  a  force  is  applied,  the  inner 
ring  C  containing  the  spinning  disk  in- 


stantly swings  vigorously  upon  the  pivots 
EK  and  the  precessional  ring  ('  is  tilted 
w  ith  nM'erence  to  the  base  ring  I).  If  we 
spin  the  wheel  A  in  an  opjjosile  direction 
and  impress  a  similar  force  on  the  ring 
1),  the  ring  C  will  be  tilted  in  a  direction 
opposite  to  that  which  it  before  assumed. 
This  reaction  is  known  as  precession  and 
is  the  same  ])henomenon  as  is  observed 
in  a  spinning  toj)  when 
it  leans  away  from  the 
perj)endicular  as  it 
loses  its  energy  of  rota- 
tion. The  tendency 
to  fall  is  like  the  im- 
pressed force  on  the 
ring  J)  which  gives 
the  top  a  precessional 
mo\'ement  precisely 
the  same  as  the  poles 
of  the  earth  have 
a  precessional  move- 
ment in  space.  The 
precessional  move- 
ment in  this  case  is 
that  described  by  the 
head  of  the  top  as  it 
swings  about  its  orbit. 
The  lecturer  then 
exhibited  a  piece  of 
apparatus  consisting 
of  a  stool  supported 
on  a  pivot  so  that  it 
could  freely  revolve, 
and  attached  to  the 
platform  on  which  this 
stool  was  secured  was 
a  bicycle  wheel,  but 
instead  of  having  a 
rul)ber  tire,  the  rim  of 
the  wheel  held  a  solid 
ring  of  lead  of  great  weight.  The  bicycle 
fork  had  a  lever  attached  to  it  so  tliat  the 
operator  sitting  on  the  stool  could  turn 
the  fork  through  180  degrees.  Mr. 
Sperry 's  son  then  occn])ied  the  slool  and 
holding  the  fork,  so  that  the  plane  of  the 
wheel  was  vertical,  the  speaker  revolved 
it  rapidly  making  it  in  effect  a  gyroscope. 
As  long  as  it  remained  revolving  in  this 
I)lane,  there  was  no  movement  of  the 
stool,  but  the  instant  the  operator  ro- 
tated the  fork  so  that  the  revolving 
wheel  occupied  a  new  plane,  the  stool  and 


Science  Conspectus 


Fig.  2 

operator  were  violently  moved  about 
the  supporting  pivot  tlirougli  a  jjortion  of 
an  arc  of  a  circle.  I'pon  re})eating  the 
experiment,  the  wheel  was  revolved  in 
another  direction  and,  on  changing  the 
angle  of  the  wheel's  rotation,  the  operator 
and  stool  were  revolved  in  a  direction 
opposite  to  that  which  took  place  in  the 
first  instance.  "^I'his  demonstration  al- 
though remarkable  in  its  simplicity  was 
of  the  most  convincing  character.  The 
apj)aratus  is  shown  in  Figures  "2,  3 
and  4;  Fig.  'i  showing  the  wheel  re- 
volving in  a  vertical  plane  and  the  other 
two  figures  showing  what  took  place 
when  the  plane  of  revolution  was  in- 
clined. This  revolution  of  the  stool  about 
the  pivot  is  another  demonstration  of  the 
phenomenon  of  precession. 

Following  this  exhibition  the  lecturer 
then  proceeded  to  explain  the  theory  of 
precession  by  means  of  diagrams  and  a 
home-made  apparatus  in  which  as  he 
said  he  mamifactured  precession  to  order. 
Unfortunately  the  apparatus  cannot  be  as 
clearly  shown  as  would  l)e  necessary  to 
make  the  explanation  plain. 

^Ir.  Sperry  stated  that  some  time  ago 
he  had  enunciated  a  principle  of  the 
gjToscope  which  he  has  since  been  able 


to  demonstrate,  to  the  effect  that  any 
amount  of  force  inprcssed  upon  the  axis 
of  the  gyroscopic  wheel  could  be  taken 
off  wilhoiil  (limiuutiou  at  right  angles  to 
the  direction  of  the  impressed  force,  or 
that  the  amount  of  stress  impressed  in 
one  plane  can  be  fully  recovered  in  an- 
other plane.  This  principle  he  has  ap- 
|)lie(l  to  a  novel  gyroscope  coupling  which 
has  attracted  much  attention. 

The  sj)eaker  said  that  one  of  the  most 
extensi\e  uses  of  the  gyroscope  was  in  the 
automatic  steering  gear  of  the  Whitehead 
lorj)e(io.  This  gear  is  used  for  the  j)ur- 
|)ose  of  guiding  the  torpedo  laterally  and 
holding  it  to  an  absolutely  straight  course. 
The  small  gyroscope  em])loyed  had  a 
secondary  ring  which  may  precess  and 
which  is  used  to  oj)erate  valves  and 
through  the  secondary  motor  direct  the 
rudders.  Its  use  for  this  purpose  was 
originated  by  Obrey,  an  Austrian  naval 
officer.  Our  own  Lovitt,  engineer  of  the 
E.  W.  Bliss  Company  of  New  York,  and 
inventor  of  the  Bliss-Lovitt  torpedo,  has 
greatly  improved  the  gyro-gear  of  the 
torpedo,  as  he  has  greatly  improved  the 
torpedo  itself. 

Air.    Sperry  then  took  up  the  experi- 
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meats  tliat  have  been  inade  in  steailying 
ships  which  Froiule  tried  to  acconipHsh 
by  the  use  of  water  chambers  phiced 
athwarlshii)s.  When  the  sliij)  rolled,  the 
water  wouKl  tlow  iiH>m  siile  to  side  and  to 
some  extent  dampen  the  vibration.     The 


Fig.  4 

bilge  keels  that  have  been  introduced  to 
prevent  rolling  depend  for  their  effect 
upon  the  movement  of  the  ship)  through 
the  water.  P^xtra  power  is  required  to 
drag  them  in  calm  water  as  w'ell  as  in 
rough  weather  when  they  are  needed. 
Doctor  Frahm,  whom  the  speaker  met  in 
Germany,  has  succeeded  in  overcoming 
the  intoleraVjle  noise  made  by  the  rush  of 
water  through  the  water  chambers  in 
Froude's  plan,  by  using  a  connecting 
siphon.     This,  however,  must  be  so  ar- 


ranged that  it  operates  synchronously 
with  the  boat's  i)eriod  of  swing.  In  a 
rough  sea,  the  ])eriod  often  varies  from 
seven  to  seventeen  seconds.  Sir  John 
Thornieroft  tried  to  overcome  the  last 
ditHculty  l)y  placing  a  great  moving 
weight  on  a  ^•ertical  axis  in  such  a  way 
that  it  could  be  swung  either  to  one  side 
or  the  other,  thus  changing  the  center  of 
gravity  of  the  ship.  Hydraulic  apparatus 
was  provided  for  swinging  this  weight 
from  side  to  side-  In  this  way  he  suc- 
ceeded in  reducing  the  roll  considerably. 
Sir  William  White  states  that  it  reduced 
a  roll  of  eighteen  degrees  to  nine  degrees. 
The  principal  trouble  was  that  it  re- 
quired an  immense  weight  to  produce  the 
desired  result;  for  by  this  gravitational 
method  a  pound  of  weight  is  able  to  do 
only  a  })ound  of  work,  and  the  weight  of 
the  machinery  required  to  properly 
steady  ships  would  be  prohibitive. 

During  the  summer  the  lecturer  spent 
considerable  time  with  Doctor  Schlick 
in  Hamburg,  Germany.  It  is  to  Doctor 
Schlick's  genius  that  we  largely  owe  the 
vibrationless  reciprocating  marine  engine. 
He  has  gone  further  in  the  installation  of 
large  gyroscopes  for  steadying  ships  than 
any  other  man  and  in  his  successful  ex- 
periments he  has  been  assisted  generously 
by  his  friends  of  the  Hamburg-American 
Line.  Doctor  Schlick  told  the  speaker 
that  his  attention  was  first  called  to  the 
use  of  the  gyroscope  for  steadying  ships 
by  observing  the  behavior  of  a  side  wheel 
steamer.  He  noticed  that  whenever  one 
of  these  boats  rolled,  her  bow  would  be 
thrown  around  in  a  direction  contrary 
1  ()  I  liat  which  is  observed  when  the  boat  is 
said  to  "yaw,"  that  is,  if  she  rolled  to 
starl)oard,  her  prow  w'ould  go  around  to 
starboard,  which  is,  of  course,  the  phe- 


•Showing  the  location  of  the  Gyroscope  in  a  ship 
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Fig.  .5.      Electrically  actiial('(i  ( iNToscopc  on  a  I'ciiiliiliiiii 


noineiion  of  precession.  Mr.  Sperry  cor- 
roliorated  these  observations  by  making 
a  special  trip  for  that  pur])ose  under 
weather  conditions  that  made  Doctor 
Schlick's  deductions  obvious. 

When  after  a  long  period  of  research 
Doctor  Schlick  satisfied  himself  of  the 
effect  that  could  be  produced  by  the 
gyroscope  in  a  ship,  he  wrote  Sir  William 
White  asking  "If  I  can  hold  the  ship 
from  rolling,  will  her  decks  be  dry;  will 
she  ship  seas?"  to  which  the  great  naval 
architect  replied, — "If  a  ship  can  beheld 
from  rolling,  she  will  not  ship  seas  and  her 
decks  will  remain  dry."  Since  that  time 
he    has    installed    a    gyroscope    on    the 


Hamburg-American  steamship,  Silrarn'a, 
loaned  for  the  purpose  and  (jii  which  Mr. 
Sperry  was  an  invited  guest.  In  rough 
seas  the  ship  was  prevented  from  rolling 
by  the  gyroscope  and  as  Sir  William 
White  predicted,  the  decks  remained  dry. 
The  gyroscope  is  probably  the  only 
device  which  can  transfer  energy  around 
a  corner,  so  to  sj)eak.  Hy  means  of  this 
device  a  fulcrum  can  be  maintained  in 
space  effective  for  the  heaviest  kind  of 
mechanical  duty,  and  every  rotating 
pound  in  the  mass  of  the  gyroscope  can 
be  made  to  do  nuich  greater  work  than  it 
could  do  under  the  influence  of  gravity 
alone. 
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Fig.  (».     Device  for  recording  rolling  motion  of  Ships 


The  slow  athwartship  or  rolling  motion 
of  a  ship  exerts  gyroscopic  forces  upon 
any  vertical  spinning  shaft  and  in  a 
fore-and-aft  direction.  These  forces  tend 
to  dampen  the  rolling  motion  but  only 
feebly,  and  the  fore-and-aft  reaction, 
owing  to  the  absence  of  motion,  does  not 
have  any  effect  at  all.  It  is  a  part  of  the 
general  plan  to  so  utilize  this  force  as  to 
make  it  create  extremely  large  reactions 
athwartships  or  in  the  proper  direction  to 
be  effective.  This  is  accomplished  by  the 
ingenious  yet  simple  expedient  of  mount- 
ing the  aforesaid  vertical  shaft  in  a 
j)ivoted  frame,  so  that  it  can  tilt  and 
utilize  the  primary  fore-anfl-aft  reaction 
to  cause  the  axis  f)f  the  spinning  mass  to 
tilt  fore  and  aft.  This  motion  is  of  much 
higher  velocity  than  the  angular  motion 
of  the  vessel  which  produces  it.  IJy 
means  of  this  tilting  motion  an  entirely 
new  gyroscopic  force  is  set  up,  again  at  right 
angles  as  in  the  first  instance,  but  now  to 


the  plane  of  tilt  (fore-and-aft)  which 
brings  it  back  to  the  original  athwartship 
plane  just  where  needed;  and,  what  is 
equally  important,  the  reaction  is  in  a 
direction  exactly  opposed  to  the  roll  of  the 
.shi])  which  primarily  called  it  into  action, 
as  well  as  tliis  whole  chain  of  phenomena 
which  has  thus  been  traced  through  a 
complete  cj'cle  of  180  degrees  of  angle 
and  also  through  an  enormous  augmen- 
tation of  righting  moment  and  stabilizing 
power. 

The  lecturer  then  called  attention  to  a 
piece  of  apparatus  consisting  of  a  pendu- 
lum with  a  small  gyro.scope  mounted  on 
it  (^Fig.  5.).  The  .spinning  wheel  of  the 
gyroscope  was  re\'olved  by  means  of  a 
motor.  It  was  .seen  that  cords  pas.sed 
through  two  hollow  gudgeons  forming  the 
axis  of  the  pendulum  and  around  horizon- 
tal pulleys  which  operated  small  i)inions 
in  the  fork  of  the  gyroscoi)e;  one  being 
geared  to  the  larger  ba.se  ring  shown  in 
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POLLING   MOTION, C^" 
SPERRr  GVROSCOPE 
OPEBATEO  ACTIVELY 


ROLLING  MOTION. 

SPERRY  CYROSCOPE 

VA3RKE0  PASSIVELY 


Fig.  7 

the  cut,  and  the  oilier  <>|){'ralin<i;  the  iiinor 
or  precossional  riii^'  tlironjih  an  inter- 
mediate miter  sej^'ment .  I'lie  cord  passing 
thronj,'h  the  axis  of  oscillation  had  no 
dampeiiinjieti'ect  whatever,  and  hy  means 
of  these  cords  the  <jyr()scope  could  be 
controlled.  This  method  of  control 
made  the  de\ice  what  Mr.  Sj)erry  calls 
an  "active"  gyroscope,  and  hy  manijju- 
lating  the  cords  the  oscillation  of  the 
pendulum  could  be  immediately  stopped. 
When  the  speaker  started  the  model 
without  manipulating  the  cords,  it  is 
noticed  that  the  device  responded  but 
feebly  to  small  angles  of  oscillation,  l)ut 
freely  and  posit ixcly  to  the  wide  angles. 

On  l)attlcships  it  is  very  necessary  that 
the  gunner  should  operate  from  a  steadj' 
gun  platform  and,  therefore,  it  becomes 
desirable  to  hold  the  ship  on  a  practically 
even  keel.  The  passive  type  of  gyroscope 
does  not  accomplish  what  is  desired, 
whereas  the  active  tyj)e  shown  by  the 
lecturer  was  capable  of  delivering  to  the 
boat  stresses.  e(|Ual  and  opjjosite,  to  those 
received  by  it  from  any  source  whatever. 

In  Sir  John  Thornicroft's  gravity 
device,  the  weights  alone  had  to  be  as 
great  as  five  per  cent,  of  the  total  dis- 
})lacement  of  the  boat,  to  say  nothing  of 
the  very  large  amount  of  hydraulic 
machinery  needed  for  moving  this  weight. 
AVith  an  active  gyroscope,  one  fpiarter  of 
one  per  cent,  of  the  dis|)lacement  of  the 
ship  will  ])ractically  extinguish  the  roll. 
By  the  use  of  this  device,  the  ship  can  be 
made  absolutely  steady. 

The  size,  weight,  speed  and  'location 
of  the  gyroscope  most  effective  for  this 
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I)urpose  nave 
been  made  a 
ma  t  t  er 
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the  Washing- 
ton Navy 
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model  of  a  '■2f),(K)()-l()n  l)attleship  of 
the  super-dreadiuiught  cla.ss,  with  a 
metacentric  height  of  five  feet  and 
having  a  period  of  roll  of  eight  seconds 
with  a  capacity  of  rolling  through  an 
arc  of  sixty  degrees.  '^Die  model  was 
provided  with  this  automatic  recording 
device  for  the  purfjosc  of  studying  the 
motions  of  the  ship  and  of  the  gyroscope. 
The  latter  was  operated  both  pas.sively 
antl  actively. 

By  means  of  this  very  complete  equip- 
ment a  great  deal  of  valua})le  data  was 
accumulated,  much  of  which  is  new. 
The  results  ajjpear  to  show  that  the  active 
type  of  gyroscope  will  give  nmch  more 
perfect  control  of  a  shi})  than  has  Ix'oii 
hitherto  possil)le.  ("ajjtain  'I'aylor  who 
made  these  tests  has  j)repared  a  very  full 
report  in  which  he  has  gone  into  the  math- 
ematics of  the  gyro.scope  extensively. 

Fig.  7  illustrates  three  curves:  the 
one  on   the   right   gives   the  number  of 
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osrillatimis  o(  the  ship's  ino(i«>l  Uoforo  it 
was  hrouiihl  to  rrsl  l>y  natural  i'ri(ti(»ii 
after  it  had  Ihhmi  oriiiiiially  tilted  twriity- 
fivo  (loirroos;  the  short  or  ciMitral  curve 
shows  the  nuniher  of  oscillations  when  a 
steadyinj;  siyroseope  was  used  actinj; 
passively  on  Doctor  Schlick's  plan;  tlie 
still  shorter  curve  at  the  left  shows  the 
nuniher  of  osiillations  of  a  ship  heiiiu 
hrouirht  to  rest  liy  the  same  <;yroscopc 
when  operated  actively.  These  are 
anKiniT  the  inferestinu  features  in  Captain 
Taylor's  investigations.    Some  imjxtrlant 


cession  of  the  rotating  disk  of  his  gyros- 
coi)e  thus  pres(>rving  I  he  e(|uilil)i'ium  of 
his  car. 

The  speaker  showed  cxperiincnial  aj)- 
l)aralus  l>y  means  of  which  the  precession 
of  the  gyroscope  could  he  accelerated  thus 
bringing  it  into  a  vertical  jmsilion  and 
when  it  was  retarded  it  would  fall. 

In  Fig.  S  is  shown  a  simple  gyroscope 
which  has  been  spun  up  and  which  is 
rcxohing  in  its  prcctvssional  course  around 
a  string  as  an  axis.  If  now  hy  nu>ans  of  a 
Ml  tic    wire    wc    retard     lis    |)rccessional 
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installations  of  gyroscopes   in   shij^s   an; 
now  Heing  contemplatcrl. 

The  principle  that  Mr.  Brcnnan  uses 
in  his  monorail  railroad  is  interesting  and 
ingeniou.s.  In  the  case  of  a  sjjinnifig 
top  which  has  partly  lost  its  centrifugal 
force,  and  is  leaning  sharply  as  it  describes 
its  precessional  orbit,  if  the  rotation  is 
accelerated  by  some  mechanical  contri- 
vance, the  top  will  assume  a  vertical 
position.  This  is  the  principle  used  by 
Mr.  Brennan,  who  by  means  of  a  simple 
de\"ice  automatically  accelerates  the  pro- 


motion, there  will  be  a  reaction  downward 
upf)n  the  entire  system  as  is  shown  in 
Fig.  9.  If,  howc\-cr.  inslcafl  of  retarding 
the  precessional  motion  of  the  gyroscope 
about  the  string  as  an  axis,  the  outer  crifi 
of  the  device  is  i)ushed  in  the  direction 
of  its  motion  in  tlic  «)rbit  it  is  describing, 
the  gyrosco|)e  immediately  rises  as  shown 
in  Fig.  10.  This  is  the  whole  princij)lc 
of  the  Brcnnan  monorail  car  which  Mr. 
Sperry  descri})ed  in  detail  by  mean.s  of 
lantern  slides  anrl  by  an  operating  model 
large  enough  to  hold  his  son. 
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Mr.  linriiiaii  lakes  ail\  aiila>,'f  ol  llii> 
law  (il  I  lie  ^\  |•(>^(•tljH'  li>  '^\\i'  >laliilily  to 
Ixxiio  ill  iiii>talil(>  (-(1111111)1111111.  Ill  tlic 
('Xpcriiiiciils  .shown  111  l''l;4><.  J,  .">,  and 
4  il  was  iioticcil  llial  cliaii^'t-  in  the  plane 
of  llie  re\i»l\ilii:  liieycle  wheel  willi  a 
rim  III'  leail  Iriidril  Id  rolalc  llie  operator 
on  his  pi\(itt(l  -Inul.  I  lie  principle  of  the 
Mrennaii  inoiiorail  ear  i^  iileiilical  willi 
the  one  show  n  in  llie  ilhi-<lral  ion.  I'ii:.  II 
.shows  the  siiiii)lest  form  «»f  the  nreiinaii 
(levicf  taken  from  his  patent  speeiliea- 
tion.  It  eoiisisls  of  a  car  monnted  on  two 
wheels  F  and  (i  lia\  in<j;  a  |)lalforiii  with  a 
frame  in  which  is  mounted  \('rticall\  a 
sj>iiiiiiii«;  disk  JJ.  We  will  snpj)o.se  that 
this  disk  is  sj)im  hy  an  electric  motor  and 
that  there  is  an  operator  on  the  platiorm 
with  his  hand  on  the  handle  II  hy  means 
of  which  the  iiyroscojie  H  may  he  turned 
either  to  the  ri^dil  or  to  the  left.  As  in  the 
case  of  the  spinning,'  loj),  -.o  tjiis  car  with 
its  revoKin^'  j^yroscope  will  lend  to  re- 
main in  the  ])osilioii  shown.  If  for  any 
caii>e  >iicli  as  the  centrifngai  force 
roundinjx  a  curxc  or  an  addeil  wcij^jht  on 
one  side,  the  car  should  tend  to  fall  oxer 
toward  the  reader,  the  operator  on  moving' 
the  handle  II  in  the  same  direction  will 
hrin;^  ahoiit  a  reaction  tendinj,'  to  raise 
the  car  just  as  the  gNroscoiie  in  Fig.  10 
lia>  Iteeii  made  to  ri.sc  hy  accelerating 
its  precessional  motion,  or  as  the  stool 
was  made  to  rovoKc  liy  Inrning  llie 
hicycle  fork.  An  operator  on  such  a  car 
could  ea>ily  pre.ser\'e  its  e(|uilil)riiini  in- 
(lcfinit(>ly.  Fig.  l-i  shows  a  nreiinaii  de- 
vice for  automatically  j)reser\iiig  e(|uilil)- 
rium.  M'  and  M  arc  two  heavy  sjjiii- 
ning  disks  revolving  on  a  horizontal  axis 
\l  and  supported  in  a  frame  \.  T  is  an 
electric  motor  which  revolves  the  disks. 
The  whole  system  including  disks,  motor 
and  frame  can  he  moved  ahout  the  axis 
\-'i  which  is  pivoted  in  a  frame  L.  'J'his 
frame  has  a  movement  about  a  horizontal 
axis  at  right  angles  to  the  axis  of  rexolii- 
tion  of  the  gyro.scopc  H  as  shown  in  llie 
drawing.  Tliis  movement,  however,  is 
restricted  as  only  slight  amplitude  is 
necessary.  The  axis  of  revolution  of  the 
gyroscope  is  extended  to  the  right  and  is 
provided  with  a  friction  roller  0.  The 
casting  of  the  frame  \'  is  also  extended 


lot  he  right  and  carries  a  frici  ion  roller  1'^. 
.VI»o\-e  and  helow  I  liese  rollers  are  liori/.(UI- 
lal  guides  \'.i  I  t  l.">  Hi  which  form  .seg- 
iiieiils  of  circle-.  Iiiil  which  ap|»ear  sec- 
tionall,\'  ill  I  he  drawing.  The  segments 
are  cut  away  at  !.<  and  1  [  as  will  l»e  seen, 
so  thai  llie  hearing  surfaces  are  reall.\'  at 
IS  and  Ki.  These  friction  rollers  ha\c 
-liglil     play    liclwccii  I  licsc  guides.       \ow 


</ 
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suppdsc  the  gyroscojHvs  M'  and  M  are 
re\(il\iiig  rapidl.N'  and  thai  the  e(|iiilih- 
riuiii  of  the  \cliicle  is  distiirhed.  we 
will  sa\\  hy  a  leiideiicy  to  fall  toward  the 
right  in  the  direction  of  the  arrow  Z.  .\s 
the  gyroscope  is  nKtiinted  in  a  iinixcrsal 
j(»iiit,  it  will  tend  to  persist  in  its  original 
position  in  space  as  the  car  falls.  The 
falling  of  the  car  will  press  the  guide  1:5 
against  the  roller  I)  and  ils  pressure 
downward  will  cause  a  precession  of  the 
gyro.scopc  causing  the  roller  i>  lo  im- 
mediately move  at  right  angles  to  the 
direction  of  the  plane  of  the  car,  we  will 
say  toward  the  reader  ahout  the  axis 
l-'-2.  hut  there  is  friction  hetween  the 
guide  and  the  rapidly  revolving  roller 
I)  and  this  will  accelerate  the  i)recession. 
the  result  of  which  is  to  cause  the  roller 
!i  to  press  the  carriage  hack  h(\vond  the 
vertical  f)osition.  As  .soon  as  the  carriage 
pas.ses  the  vertical  position  its  weight 
tends  to  pull  it  farther  over  on  the  op- 
posite side  and  the  face  of  the  guide  Ifi 
will    then    press    against     the    roller    12 
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Fi^'.  H.      Unnnan  s  Aiitoniatic  Conlrol 

causing  a  precession  in  the  opposite 
direction.  These  movements  are  so  very 
slight  as  to  he  ahnost  unnoticed  as  the 
tendency  of  the  ai)|)aratus  is  to  keej)  the 
roller  f)  in  a  normal  position.  The  action 
does  not  tend  to  persist  and  to  produce 
osciMations. 

In  i>ractiee  twfi  gyroscopes  are  used  so 
geared  that  the  movement  of  one  frame 
about  its  axis  produces  an  ecjual  ;iric]  op- 
[xjsite  movement  of  the  otlier. 

Mr.  PYm-hcli  of  HerHn.  accelerates  pre- 
cession when  it  has  once  reachcfl  the 
center  l»y  a  motor  as  shown  in  Fig.   \ii. 


In  regard  to  the  monorail  idea,  Air. 
S|)crry  said  Ih.il  alilioMgh  many  engineers 
would  piflci-  Id  s(>ii(l  their  families  hy 
two  rails,  ijillicr  lli.ni  one,  still  there  was 
a  great  deal  to  Ix-  s.iid  lor  the  monorail. 
If  it  is  to  come,  it  w  ill  jjrohahly  he  hecause 
of  popular  pressure  for  nmch  smoother 
transportation  at  high  speeds  Ihan  is 
possible  with  two  rails.  \\  lien  railroad 
ears  get  to  he  \(Ty  nuicli  larger  with 
s<>veral  dec-ks,  I  lie  monorail  may  he  e.\- 
leiisi\('|y  used.  Th(«re  is  no  great  .saving 
in  rail  as  the  one  rail  is  nearly  as  heavy 
as  two  rails  would  l»e  and  I  here  is  no 
economy-  in  sleejx'rs  as  they  would  have 
to  he  twice  iis  close  together.  Tliere 
would  he  no  saving  in  e.\ca\ati(»ii  or 
tuiniels.  In  fact,  there  would  he  no 
saving  in  the  outlay.  The  cpiic-k  laying 
of  the  railroad  across  a  prairie  and  free- 
dom from  the  necessil\-  of  miming  in  a 
straight  line,  might  make  it  valuable 
for  war  pur})oses. 

.Vnother  use  of  the  gyroscope  which 
slioidd  be  mentioned  is  in  cf)nnection 
with  the  aeroplane.  We  have  seen  that 
with  the  use  of  a  gyrosc()|)e  an  efficient 
balancing  feature  is  introduced  on  the 
monorail  car.  The  gyroscope  provides  a 
fulcrum  in  space  as  was  shown  in  the 
episode  of  the  Ilowell  torpedo  which  per- 
sisted in  holding  its  direction  to  the  extent 
of  turning  a  battleship. 

With  an  exceedingly  light  gyroscope 
on  an  aeroplane,  we  can  reduce  the 
swing  so  that  the  oscillations  will  be 
extremely  slow,  thus  gi\ing  the  operator 
time  to  use  the  proper  means  of  control. 
A>    Wilbur    \\'riglil    lias    pointed    out    the 


.HOTOfI  tiHICH  TKItt   ro  IHCKAU  rH£ 

■  PneeruiOH,  /ma  to  ic/fvct  to 

ItrfArcY    MULTIPLY  THE  KICHT/Mt 

\jrtccT  or  TH£  s  r^oscoprs 


on  PUMP  FOR  OltlVIUi 


co/trnoitfit 


toMMrcTiOM  riton 
p*£Cttiieii  noTon  TO  er/tetcipe 


COKMlCTINt    tCAR  h/HICH  CAUSCS 

trfitont  TO  p/ncc*t  (/tocH)  roctTHt^  add  covallv 


Fig.  l.S.      FrfW'lich's  Ballancing  Deviff 
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(irxtcrity  riMjuirril  to  iiiMiiipuI.itc  :iii 
juTopIaiu*  lakes  it  out  ot"  n-.icli  of  iiu'X|M'rl 
hands.  Tho  ainiu-ii  of  IIk'  present  <lay 
depend  on  tlieir  (piicknos  ol'  jiid^'in«'nt, 
eye  and  lian<l  to  perform  v\vu  the  nio>l 
ordinary  evolutions  in  an  aeroplane. 
I'lie  >peaker  said  lie  had  a  gyroscope  on 
an  ai-roplane  that  ha<l  Ix'en  in  the  air  a 
nuinl)er  of  times  with  extremely  sitis- 
faetory  results. 

Reft'rrinj;  to  the  use  of  the  j^yro.scope 
as  a  mariner's  comnass.  the  lecturer 
spoke  of  Foueault's  experiments,  who  in 
\H'r2.  after  many  attempts,  finally  suc- 
oeeiled  in  makinji  ajjparat us  so  delicate 
in  its  construction  as  to  demonstrate  his 
I)roi)osition  in  the  sliort  period  during,' 
which  the  disk  revolved.     Foucault  ex- 


liiliilcil  lhi>  apparalu>  heforc  the  Royal 
Society  in  l'!n^'land  where  it  aroused 
j,'real   rut  Im^ia^m. 

Hopkins,  an  .American,  made  a  small 
elect  ri<--dri veil  ;^'yroscope  compass  in  1H7S 
and  more  recently  a  (icrman  firm  has 
e<|ui|)ped  hattleships  with  j.'yroNC()p<' com- 
pa>ses  usin^  nuTcury  float >.  There  an- 
many  ol)jecli(»ns,  however,  to  llii>  form 
of  const rur-t ion.  The  action  of  the  earth 
ujx)!!  a  s|)inninj,'  ma^v  with  a  horizontal 
axis  is  >uch  as  to  cmm^c  thi^  mass  to  i)re- 
cess  until  its  axis  as>umes  a  position 
parallel  f«»  that  of  the  earth  after  which 
there  is  no  further  reaction.  >o  that  there 
is  a  vcr\'  flefinife  tendency  to  self-dircc- 
fioii.  In  a  ^'yroscope  invented  hy  Mr. 
Sj)err\    tlii>  tendency  amount.s  to  a  pull 
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of  one  ounce  at  a  distiiiu'e  of  four  inches 
from  the  center,  in  an  east  and  west 
direction  at  the  ei|uator.  Tliis  tendency 
i.«;  a  function  of  tlie  h»titu(le  and  ceases  lo 
operate  at  al>oul  <S:?  degrees.  It  is  to  l>c 
understtuMl,  of  course,  tliat  the  jiryoscope 
ct»nipass  points  to  the  actual  pole  and  not 
to  the  magnetic  j>ole. 

If  the  direction  of  a  ship  ccpiippcd  with 
a  Sperry  compass  he  changed,  forces  arc 
set  up  in  the  neighl)orhood  of  one  hundred 
pounds  at  a  radius  of  one  foot  which  def- 
initely oppose  any  tendency  to  change 
the  position  of  the  spinning  axis.  In  this 
way.  the  directive  factor  when  once  es- 
tahlished  is  held  secure  hy  a  very  strong 
force. 

In  equipping  a  hattlcship  this  compass 
wouKl  l>e  j)laced  below  decks  and  small 
au.xiliary  instruments  located  in  different 
positions  on  the  ship.  These  auxiliary 
compasses  would  be  controlled  by  the 
master  compass  in  a  secure  location  be- 
yond reach  of  harm.  The  indications  are 
accurate  to  a  very  small  fraction  of  one 
degree. 

Fig.  14  shows  a  Sperry  master  battle 
comi»a>s.  It  has  been  found  that  the 
auxiliary  compas.ses  require  no  cardian 
mounting  and  are  accurate  in  any  po- 
sition. These  compasses  come  nearer  to 
being  "dead  beat"  than  air  compasses 
for  marine  purposes,  although  they  are 
not  submerged,  nor  is  any  licpiid  used 
in  connec-tion  with  them.  One  of  the 
points  which  has  been  achieved  is  the 
automatic  correct  if  )n  of  the  northerly 
and  southerly  component  of  the  vessel's 
speed  at  sea.  This  correction  being  made 
between  the  master  compass  and  its 
auxiliaries  in  such  a  way  that  the  latter 
maintain  their  direction  toward  the  true 
geographical  north.  It  will  be  understood 
that  this  type  of  cf)mpass  is  not  affected 
in  the  slightest  degree  V)y  the  steel  of  the 
ship  or  the  cargo,  or  by  any  magnetic 
disturbance.  It  is  not  affected  by 
shifting  cargo,  turning  turrets,  or  gun 
fire,  nor  by  those  disturbances  of  the 
magnetic  compass  technically  known  as 
deviation  or  variation. 


K  i:  1  IIAT  WILL  NOT  FLOAT 

TuKifi;  arc  lonr,  |)t)ssibly  six  dilfercnt 
forms  of  i((>.  These  may  be  divided 
into  l\\(»  groups,  IJiosc  forms  that  are 
lighter  lliaii  water  and  those  that  are 
hea\i(>r.  I'lider  the  first  head  come: 
Ordinary  hexagonal  ice,  called  ice  1, 
such  as  is  formed  on  the  window  ])ane  in 
winter  or  in  snow;  a  form  callecl  ice  4; 
tetragonal  ice,  so  calletl  because  of  its 
crystalline  form,  observed  by  Norden- 
skiold;  ice  crystallizing  in  the  regular 
system,  observed  b\-  Harendrechl.  Ice 
4  is  j)robably  identical  with  one  or  other 
of  the  two  latter  forn)s. 

If  water  is  cooled  ^•ery  slowly  the 
temperature  may  be  lowered  consider- 
ably under  0°  C  before  the  water  freezes. 
Ice  4,  which  is  slightly  lighter  than  ordi- 
nary ice,  is  usually  formed  under  these 
conditions.  Increasing  the  pressure  to 
several  hundred  atmospheres  esi)ecially 
favors  the  formation  of  this  variety  of 
ice.  It  changes  very  readily  into  ice 
1  and  invariably  does  so  if  the  ])ressure 
is  released  and  the  temperature  is  raised 
to  nearly  0^  C  Ice  1  is  the  staljle  form 
at  all  pressures  under  '2,'-2()0  atmospheres, 
if  the  temperature  is  not  below  — 130  C. 

If  water  is  subjected  to  a  pressure  ex- 
ceeding 2,500  atmospheres  and  the  tem- 
j)erature  is  lowered  sufficiently  a  solid, 
called  ice  .S,  is  formed.  This  form  is 
hea\ier  than  water  and  sinks  to  the 
bottom.  If  the  pressure  is  suddcidy  re- 
leased ice  .'5  explodes  into  a  white  powder 
resembling  snow  which  proves  to  be 
ice  1.  Ice  2,  which  closely  resembles 
and  which  readily  turns  into  ice  3,  may 
be  formed  by  subjecting  ice  1  at  — 80°  C, 
tf>  a  pressure  of  2,700  atmospheres. 

It  is  interesting  to  note  that  a  vessel 
filled  with  water  will  not  burst  when  the 
water  freezes  if  the  vessel  is  cajjablc  of 
withstanding  a  pressure  excecfling  2,500 
atmospheres  because  ice  3  will  be  formed 
which  takes  up  less  room  than  the  water 
itself.  An  article  on  ice  4,  of  which  this 
is  a  digest  will  be  found  in  Zeitschrift 
fur  physikaluche  Chemie,  Vol.  72  (1910), 
page  609.  e.  b.  s. 


TIIK    KXTKNT  OK   TIIK    IM\'K1{SF/ 

sPF.cn. Aii()\  wiiiiix    iiii:  i.imiis 

OF    SOIM)    S(  IKMIIK      HKASOMNC; 
WIIK  II  SNOWS    rilAT  OIU   IM\  i:i{SK 

HAS  AN  AiM'Koxi.MAri:  ^o^M)AI{^ 

n\  siMHN  m;\\(  (imu 

Wi:  caiiiiul  rxpcci  llcil  llK'\\is<'sl  iimmi  ;i  im-u  coiiccpl  ion  lA  llic  \\oihI<t  <iI  IIh- 
of  niif  nMiiotrst  posterity,  who  ("iii  li;i^<'  uiii\  ti  •-»•.  If  -iiiniiKr  or  :iiitiiiiiii  l»<- 
llu'ir  (•t)nfliisi()iis  upon  llioiisaiuls  of  cliosrii.  tlic  stiipciiiloM>  anii  of  tlic  Milk\ 
Vi-ars  of  accurate  ol>s('r\al  iiHi,  will  reach  Way  will  pass  near  the  /eiiith.  ami  the 
a  il«'ci>ioii  on  this  siihject  williout  some  coiistellatioii  !-yra.  Ie<|  hy  its  heaiilifnl 
measure  of  re>er\e.  Such  heiii;,'  the  liliie  \v<^:i  of  tlir  (ir«.t  ma^iiitmle.  may 
case,  it  mij^ht  appear  the  (li(fal<'  of  wis-  he  not  xcry  far  from  I  hat  point.  Sonth 
(lom  to  leave  its  consideration  to  >ome  of  it  will  he  seen  t  Ik*  eon><t«'llal  i(tn  Aipiila, 
fill  IIH'  au'e.  when  if  may  l»e  taken  up  marketl  l)\'  the  Itriicht  .\lfair,  hetween 
with  better  means  (»f  information  than  two  smaller  hnl  (((n-^piciionN  stars.  The 
we  now  possess.  Hut  the  (piest ion  i^  nue  liriL'hl  ArchiniN  will  he  somewhere  in 
which  refuses  to  l>e  posfpone<|  >o  louu'  the  uesi,  ami.  if  the  (tl)ser\  at  ion  is  not 
as  the  propen>ily  lo  think  of  the  |)o-<^i-  ma<le  text  earl>  in  the  season,  Aldeharati 
hilities  of  creation  is  characlerisi  ic  of  will  lie  >een  somewhere  in  the  east, 
our  race.  The  issue  is  not  whelher  we  When  allenlion  is  conccMit  rated  on  t  he 
shall  ignore  the  (piestion  alloirelher.  like  scene  the  thoiisaiuU  of  stars  on  each  side 
Kve  in  the  presence  of  Ka|)liael;  Iml  of  the  Milky  \\'a.\  will  fill  the  mind  with 
whether  in  studying  it  we  shall  coidine  the  consciousness  of  a  stupendous  and 
our  speculations  within  the  limits  set  all-eml>ra<inK  frame,  heside  which  all 
by  .sound  scientific  reasoning.  Essaying;  human  affairs  sink  into  insif^'nificance. 
to  flo  this,  I  invite  the  re;ider's  attention  .\  new  idea  will  he  formed  of  such  a  well- 
to  what  science  ma\'  sui:<,'es|,  admit  tiii^^  known  fact  of  astronomy  as  the  motion 
in  ad\ance  that  the  sj)here  of  exact  (tf  the  s(»lar  s\  stem  in  space,  h.v  reflect  in^ 
knowledge  is  small  compan'd  with  the  that  throu^'hout  all  human  history,  the 
possiltililies  of  cH'ation,  and  that  out-  sun  carr\in^'  the  earth  with  it  has  licen 
side  this  sj)here  we  can  state  only  more  fixing;  toward  a  region  in  or  just  soulh 
or  less   prohahle  conclusions.  of  the  ronslellation   Lyra,   with  a  spe<'d 

The   read<*r   who   desires   to   approa<  h  lie.\ond  all  that  art  can  i)roduce  on  earth, 

thi.s  .subject  in  the  most  receptive  spirit.  witlu)ut   |)roducinR  any  <han^e  apparent 

should  l)egin  his  study  by  betakiufi  him-  to  ordinary   vision   in   the  aspect   of  the 

self  on  a  clear  moonless  e\'enin,u,   when  constellation.      Not       only       L.xra       and 

he  has  no  earthly  concern  to  disturb  the  .\«|uila,   but    excry  one  of  the   thousand 

.serenity  of  his  thouirhts,  to  some  point  stars  which   form   the  framework  of  the 

where  he  can   lie  on   his  back  on   bench  sky,  were  seen  by  our  earliest   aiicestors 

or    roof,    and    scan    the    whole    vault    of  just   as  we  see  them   now.      Hfxlily   rest 

heaven    at    one   view.     lie   can    do    this  may  be  obtained  at  any  time  })y  ceasing 

with  the  greatest  pleasure  anfl  profit   in  from  our  labors,  and  weary  .systems  may 

late  summer  or  autumn     -  winter  would  find    luTve   rest  at   any  summer  resort; 

do  erpially  well  were  it  possible  for  the  but  I  know  of  no  way  in  which  comjilete 

mind   to  rise  so  far  above  bodily  condi-  rest  can  be  obtained  for  the  weary  sold  — 

tions   that    the   (piestion   of   temperature  in    which    the    mind    can    be   so   enlirel.\- 

should    not    enter.     The    thinkin<,'    man  relieved    of    the    burden    of    all    human 

who  does  this  under  circumstances  most  anxiety     -  as    by    the    contcmi)lation    of 

favorable    for   calm    thought,    will    form  the    spectacle    presented    by    the    starry 

*  From    Har{)er's  Magazine.     By  special   permisjion  of  the  publishers.     Copyright   1904   ]>y   Haq>fT 
and  Brothers.     All  rights  reserved. 
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hoavoiis  uiuUt  the  foiulitioiis  just  drs- 
crilnvl.  As  wo  make  a  fcrlilr  atttMtipt 
to  loam  what  scitMico  van  tell  us  ahoul 
the  structurr  of  this  starry  frain*-,  I 
hopo  thr  roadiM-  will  allow  nu-  at  least 
to  faucy  him  couttMuplatinu  it  iu  this 
way. 

riio  first  (piestiou  which  may  suiifi^est 
itself  to  the  iu»|uiriuir  rculir  i^:  How 
is  it  possihlo  l>y  auy  uiethod  of  «)hsor- 
vatiiui  yot  known  to  tho  aslronoiuor  to 
loarn  anythinj;  ahout  the  universe  as  a 
whole?  We  may  (^ommenee  hy  answer- 
intr  this  (piestion  in  a  somewhat  com- 
prehensive way.  It  is  j)ossihle  only 
i>ecaiise  the  universe,  vast  though  it  is, 
shows  certain  characteristics  of  a  unified 
and  hounded  whole.  It  is  not  a  chaos, 
it  is  not  even  a  collection  of  things,  each 
of  which  came  into  existence  in  its  own 
separate  way.  If  it  were,  there  would 
l>e  nothing  in  common  hetwecn  two 
widely  se|)arate  regions  of  the  universe. 
Hut.  as  a  matter  of  fact,  science  shows 
unity  in  the  whole  structure,  and  di- 
versity only  in  details.  The  Milky  Way 
itself  will  l)e  seen  by  the  most  ordinary 
oKserver  to  form  a  single  structure. 
This  stnicture  is,  in  .some  .sort,  the  foun- 
riation  on  which  the  universe  is  huilt. 
It  is  a  girdle  which  seems  to  span  the 
whole  (}{  creation,  so  far  as  our  telescopes 
have  yet  enabled  us  to  determine  what 
creation  is;  and  yet  it  has  elements  of 
similarity  in  all  its  parts.  What  has 
yet  more  significance,  it  is  in  some  re- 
spects unlike  tho.se  parts  of  the  uniNcrsc 
which  lie  without  it,  and  even  unlike 
those  which  lie  in  that  central  region 
within  it  where  our  system  is  now  situ- 
ated. The  minute  stars,  indixidually 
far  V>eyond  the  limit  of  visibility  to  the 
naked  eye,  which  form  its  cloudlike  ag- 
glomerations, are  found  to  be  mostly 
bluer  in  color,  from  one  extreme  tf)  the 
other,  than  the  general  average  of  the 
.stars  which  make  up  the  rest  of  the  um- 
verse. 

There  are  two  points  in  the  sky  called 
IKjIes  of  the  Milky  Way,  which  bear  the 
same  relation  to  it  that  the  north  arifl 
.south  poles  of  the  earth  bear  to  the 
equator:  they  lie  in  opposite  directions 
and  are  each  90'  from  the  central  line 


of  the  milky  arch,  'i'he  careful  counts 
of  slais  madi>  since  the  tim(>  of  the 
Ilerschels  show  that,  as  a  general  rule, 
fluM-e  are  fewest  stars  on  a  given  surface 
of  the  sky  round  the  galactic  ])oles  (as 
those  of  the  Milky  Way  are  called)  and 
that  their  thickness  gradually  increases 
as  we  approach  the  great  girdle  it.self. 
riii-^  f(>ature  of  [\\v  sky  will,  with  a  little 
care,  be  evident  even  to  the  ob.serx'cr 
without  a  telescope,  who  will  see  that 
the  stars  are  somewhat  more  iiumei'ous 
along  the  outskirts  of  the  Milky  Way 
than  around  its  poles.  The  regions  of 
the  hea\('Ms  o((ii|)ied  by  the  poles  of  the 
Milky  Way  are  as  far  apart  as  two  jx)ints 
in  the  sky  can  be.  And  yet.  the  most 
careful  counts  of  the  stars  show  that, 
although  they  are  fewer  in  number 
around  these  poles  than  elsewhere,  they 
are  about  c(|ua1ly  thick  in  the.se  two 
op|)osit(>  directions.  Vor  every  ])oint 
in  the  sky  there  is  an  op|)osite  point,  one 
of  the  two  being  below  the  horizon  when 
the  other  is  above  it.  The  relation  is 
that  of  our  antipodes  to  us.  It  is  a  note- 
worthy feature  of  the  universe  that  a 
certain  resemblance  is  found  in  any  two 
opposite  regions  oi  the  sky,  no  matter 
where  we  choose  them.  If  we  take 
them  iu  the  Milky  Way,  the  stars  are 
more  numerous  than  elsewhere;  if  we 
take  o[)posite  regions  in  or  near  the  Milky 
Way,  we  shall  find  more  stars  in  both  of 
them  than  elsewhere;  if  we  take  them 
in  the  region  anywhere  around  the  j)oles 
of  the  Milky  Way,  we  shall  fiiul  fewer 
stars,  but  they  will  be  equally  numerous 
in  each  of  the  two  regions.  We  infer 
from  this  that  whatever  cause  deter- 
mined tlu'  number  of  the  stars  in  si)aec 
was  of  the  same  nature  in  every  two 
antipodal    regions    of    the    heavens. 

Another  unity  markerl  with  yet  more 
precisir)n  is  .seen  in  I  lie  chemical  ele- 
ments of  which  stars  are  compo.sed.  We 
know  that  the  sun  is  comj)o.sed  of  the 
same  chemic-al  elements  which  we  find 
on  the  earth  and  which  we  resolve  in 
our  laboratories.  These  same  elements 
arc  found  in  the  most  distant  stars.  It 
is  true  that  .some  of  these  bodies  .seem 
tf)  contain  elements  which  we  do  not 
find   on  earth.     But  as  the.se  unknown 
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(•l«'iin-iiK     ;iri-     sc.it  Iriril      IroTll     niic     cx-  .1^  I  lir  iic.i  ii>>l  ;  |)i  tssjltly  cv*'!!  f.irl  InT  I  liaii 

litiiii'  of  llic  iiiii\risc  In  llic  oilier.  I  Im'.v  lliis.     Tills  (-(iiicliisioM   iii.iy.   ill    llic   first 

(iiil\     scr\i'    still    f.irllirr    l<»    ciilont'    llir  phicc.  Iir  h.isfd  n?i  I  lie  fjicl   lli.il   llir  stars 

iiiiily     ulii<li     niiis     llinm^'li     llic     u  liolr.  srciii   to  \>r  scallcrt'fj  r(|iially   I  liroii^lioiit 

llic    iirlnil;r    arc    coiii|>us«'(|.    in    part     at  those   rcj^iutis  of   tlie   universe    uliieli    are 

least,    of    forms    of    matter    dissiniilar    to  not  eonneeled  witli  tlie  Milky  Way.      To 

any      willi      uliicli      ue     are     ai(|iiaintet|.  illustrate  the  |)riiiei|>l<-,  suppose  a  fanner 

Mill,  (litl'ereiit    tlioii:;li   tlie,\    max    lie.  they  |o  sou   a  wheat -fii'ld  of  entirely  nnknoun 

arr     alike     in      their     irener.il     ehara<ter  extent    with    ten    ItiisheU   of    wheal.      We 

t  liroiitihoiit    the    w  lioh-   field    we   are  eon-  \isit  the  field  and  wish  to  lia\e  some  idea 

sideriii;,'.      K\"en  in  siieh  a  fealiirr  as  the  of   its   aereaj^'c.      We    may   <I<)   this    if   \\v 

prop«'r    motions    of    the    stars,    the    same  know    how     many   ^'rains  (tf    wheat    there 

unify     is     seen.       The     reader     doiiKtIess  are  in  t  he  ten  hiishels.      Then  we  examine 

knows  that  each  of  t  lu-se  olijeel  s  is  ll\  in;,'  .1    spare    two   or    lliiee    feet    scpiare    in    aii\ 

throiiirh   s|).iee  on   its  own   course   with   a  part    of   tin-   licM    .md   count    th<'   mimhcr 

s| <1   coiiiparalilc  willi   tli.il   of  llic   earth  of    Liraiiis    in    lliat     space.       if    I  he    wheal 

around     the     sun.       These     speeds     raiiLic  is  ccpially  sc.il  |ere(|  o\er  the  whole  field. 

from  the  smallest    limit    up  to  more  than  we  find  its  exiciit   l)\    Ihc  simple  rule  tli.il 

one    hundred    miles    a    second.      Such    ili-  t  In- si/e  of  f  he  field  hears  the  same  propor- 

\t>rsity   iniirhf    seem    to  detract    from   the  fi<»n    f(»    the   size   of   the    space    in    which 

unify    of    IIm'    whole;    liiit     when    we    seek  the    count     w.is    inatlc    that     the    niimher 

to    learn    soinethinu'    <lefiiiite    liy    takin<:  of   ;^'rains   sown    hears    to    the   niimlier  of 

fluMP  ax'era^'c.  we  find  t  his  ax'craire  to  he.  ^M-aiiis    coiiiitcil.      If    we    find    t<ii    ;.'raiiis 

.so   far  as  can   yet    lie  determined,    much  in  a  sipiare  fool,  we  know    I  hat   the  miin- 

thc  .same  in  opposite  rcirioiis  of  the  iini-  her  of  s(piarc   feet    in    the   whole   field    is 

verse,     (^iiitc     recently     it     has     l)e<-ome  one  Iciilh  of  the  numher  of  jxraiiis  sown, 

prohahle    that     a     <-ertaiii     class    of     \ cry  So    it    is    with    the    universe   of   stars.       If 

hri^dit   stars  known  as  Orion  stars        he-  t  he  lat  ter  are  sow  n  «-(|uaII_\- t  hroii^h  space, 

cause    there    are    maii.v    of    them    in    the  the  extent  of  t  he  space  occupied  miisl   l«' 

most     hrilli.inl     of    oiir    constellations  proporl  ional  to  I  he  iiimihcr  of  stars  w  liicli 

which     arc     seatlercd     alon^T     the     whole  it    coiilaiiis. 

course  of  the   Milk>'   Way.  have  one  and  Hiil     this    eonsid<'rat  ion    docs    nol     tell 

all.    in    the    !i<'iieral    avcraLTc.    slower    mo-  iis    .my  I  liini:    .ahoiil     the    .ictii.d    distance 

tioiis    than    oilier    stars.      Ijcri'   airaiii    wi-  of  the  stars  or  how    thicklv   tli<'\    may  he 

have    a    defin.iMe    characteristic    exteii<l-  scatt<-red.       i'o   do   this   wc   must    he   ahh" 

in^    throu<,di    the    universe.      In    drawing,'  to   determine    the   distanc<*   of   a    certain 

attention    to    these    points    of    similarity  niimher  of  stars,  just   as  we  suppose  the 

t  liroiit,'liout    the   whole   universe,    if   must  farmer  to  eoiinf    the  ^'rains   in   a   certain 

not    he  siippos<'d    that    we   l>ase  our  con-  small    extent    of    his    wheat-field.      Tlier<' 

elusions  directly  upon  them.      The  point  is  (tiil.v   one  way  in  which  we  can  make  a 

they  hrini:  out    is  that   the  universe  i.s  in  definite   measiin-  of   the  (listanee  of  aii.v 

the  nature  of  an   ori,'a!n'zed   system;  and  one   star.      .\s   the  earth    swings   through 

it  is  upon  the  fact  of  its  hein^' such  a  sys-  its    vast    annual    circuit    round    tlie    sun, 

tern   that    we  are  ahh".  hy  other  facts,  to  the   <lirecti<(ii    of    the    stars    must    aftfiear 

reach  certain  conclusions  as  to  its  strm--  to   l)e   a    little   differeid    wIk'u    seen    from 

ture.    extent,    ami    other    characteristics.  one  exlremil.v  of   the  circuit    than    when 

One   of   the   jireat    prohleins   connected  seen     from     the     other.      This     difrerence 

with    the   universe  is   that    of  its  possihie  is   called    the    parallax    of    the    stars;    and 

extent.      How    far    away    are    the    stars?  the    |)rol)lem    of    measuring    it    is    one    of 

One   of   the   unities    wliieli    we   Juive   de-  the   most    delicate    anfj   (hfficult     in     the 

scribed   leads  at   onee   to   the  cfuiclusion  whole  field  of  praetiral  astronomy, 

that   the  .stars  must  be  at   verv  different  The    nineteenth    century    was    well    on 

(lisfatices    from    us;    probably    the    more  its    vva.v    before    the    instruments    of    the 

distant  ones  are  a  thousand  times  as  far  astronomer    were    brought    to   such    per- 
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ftvtion  as  to  atlinit  of  tlio  moasuroment. 
From  the  time  of  Copornicus  to  that 
of  Hessol  many  attempts  had  l)e(Mi  maih' 
to  moasure  the  paraUax  of  the  stars,  and 
more  than  once  hail  some  eager  astron- 
omer thoniiht  himself  snecessfnl.  But 
sul>se(|nent  invest iirat ion  always  showed 
that  he  had  l>een  mistaken,  and  that 
wliat  he  thonuht  was  the  effeet  of  paral- 
lax was  due  to  some  other  eause,  perhaps 
the  imperfections  of  his  instrument.  ])er- 
haps  the  effect  of  heat  and  cold  upon  it  or 
upon  the  atmosj)here  throu<:h  which  he 
was  oblitied  to  observe  the  star,  or  ui)on 
the  goins:  of  his  clock.  Thus  things  went 
on  until  1S.S7.  when  Bessel  announced 
that  measures  with  a  heliometer — the 
most  refined  instrument  that  has  ever 
\^een  used  in  measurement — showed  that 
a  certain  star  in  the  constellation  Cygnus 
had  a  parallax  of  one  third  of  a  second. 
It  may  he  interesting  to  give  an  idea  of 
this  quantity.  Suppose  oneself  in  a  hou.se 
on  top  of  a  mountain  looking  out  of  a 
window  one  foot  square  at  a  hou.se  on 
another  mountain  one  hundrerl  miles 
away.  One  is  allowed  to  look  at  that  dis- 
tant house  through  one  edge  of  the  pane 
of  glass  an<l  then  through  the  ojjposite 
edge:  an«l  he  has  to  determine  the  change 
in  the  direction  of  the  flistant  hou.se  pro- 
duced by  this  change  of  one  foot  in  his 
own  position.  From  this  he  is  to  esti- 
mate how  far  off  the  other  mountain  is. 
To  do  this,  one  would  have  to  measure 
just  about  the  amount  of  parallax  that 
Be.ssel  found  in  his  star.  And  yet  this 
star  i-s  among  the  few  nearest  to  our 
system.  The  nearest  star  of  all,  Alpha 
Centauri,  visible  only  in  latitudes  south 
of  our  middle  ones,  is  perhaps  half  as 
far  as  Bessel's  star,  while  Sirius  and  one 
or  two  others  are  nearly  at  the  .same 
distance.  About  one  hundred  stars,  all 
told,  have  had  their  parallax  measured 
with  a  greater  or  less  degree  of  probabil- 
ity. The  work  is  going  on  from  year 
to  year,  each  successive  astrfjnoincr  who 
takes  it  up  }>eing  able,  as  a  general  rule, 
to  avail  himself  of  better  instruments 
or  to  use  a  better  method.  But  after 
all,  the  distances  of  even  some  of  the 
one  hundred  stars  carefully  measured 
must  still  remain  quite  doubtful. 


One  general  result  of  these  measures 
of  parallax  may  b(>  .set  forth  in  this  way: 
Imagine  round  our  solar  .systcMu  as  a 
centre  (for  in  matters  relating  to  the  uni- 
verse our  whole  .system  is  merely  a  point), 
a  sphere  with  a  radius  400, 000  times  the 
distance  of  the  sun.  An  idea  of  this 
distance  may  be  gained  by  reflecting 
that  light,  making  the  circuit  of  the 
earth  seven  times  in  a  sih-oiuI,  and  reach- 
ing us  from  the  sun  in  eight  minutes  and 
twenty  seconds,  would  recpiire  sc\eii 
years  to  reach  the  surface  of  the  sphere 
we  have  suppo.sed.  Now,  the  first  re- 
sult of  measures  of  parallax  is  that  within 
this  enormous  sphere  there  is.  besides 
our  sun  in  the  centre,  only  a  single  star; 
namely,   .\lpha  Centauri. 

Now  suppose  another  sphere,  having 
a  radius  800,000  times  the  distance  of  the 
sun,  so  that  its  surface  is  twice  as  far  as 
that  of  the  inner  sphere.  By  the  law  of 
cubes  the  volume  of  space  within  this 
second  sphere  is  eight  times  as  great  as 
that  witliin  the  first.  So  far  as  can  be 
determined,  there  are  about  eight  stars 
within  this  s|)here.  We  cannot  be  (|uite 
sure  of  the  number,  ])ecause  there  may 
be  stars  within  the  sf)here  of  wliir-h  the 
parallax  is  not  yet  detected;  and  of  those 
supposed  to  be  within  it,  one  or  two  are 
so  near  the  surface  that  we  cannot  say 
whether  they  are  really  within  or  with- 
out it.  But  the  number  eight  is  not 
egregiously  in  error. 

We  may  imagine  the  .spheres  extended 
in  this  way  indefinitely,  but  the  result 
for  the  miniber  of  stars  witliin  them  be- 
comes uncertain  owing  to  the  increasing 
difficulties  of  measuring  parallaxes  so 
minute.  The  general  trend  of  such 
measures  up  to  the  present  time  is  that 
the  number  of  stars  in  any  of  these 
spheres  will  be  about  equal  to  the  units 
of  volume  which  they  comprise  when 
we  take  for  this  unit  the  smallest  and 
innermost  of  the  spheres,  having  a 
radius  K)0,000  times  the  sun's  distance. 
We  an-  thus  enablerl  to  form  some  gen- 
eral idea  of  how  thickly  the  stars  are 
sown  through  space.  Wc  cannot  claim 
any  numerical  exactness  for  this  idea, 
but  in  the  absence  of  better  methods  it 
does  afford  us  some  basis  for  reasoning. 
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Ntiu     we    (•.111    (Miiy    (III    niir   coinpiilji-  i,'cin'i;il    ;i\  t'i;i;^f    spfrd    willi    wliicli    the 

tioii  ;i>  uc  >ll|>|)n>^^(|  tlic  f.iiiiirr  to  iiicas-  iii(li\'iiliial  stars  iiio\r  iti  space,  ami  lliat 

ure    IIm-   <'\f('iit    of   Ills    w  liral-lirld.      L«'l  this  avcraj^t'   is   al)t»iit    tw<'iit>'    miles   jmt 

us    suppose    that    there    are    1  ■,'.*).(»()(),()()()  second.      We   are   also   aide    to    form    an 

stars  ill  tlie  liea\ciis.      This  i>  an  exceed-  esliinale    as    to    what    |)roportioii    of    the 

in^'ly    ronj,'h   estimat*',    hut    let    ns   make  stars  nu»\<'  with  <'ach  rate  of  speeij  from 

the  snjjposition  for  the  time  heiii^'.     A<-  the  |ow<'st  n|>  to  a  limit  which  is  prohahly 

ceptiii;,'    the    vi<>w    that    they    are    nearly  a>  hi^di  as  1.30  miles  per  second.      Kiiow- 

e(|iially    scattt-rcd    thron;,dionf    >pace,    il  inu    I  hex-    proportion^    uc    li:i\c.    hy    oh- 

will  follow   that    they  imist   he  contained  s<'rvalion   of   the   proper   motions   of   tin* 

within    a    \-ohim<'    e<|iial    to    I '.'."».(»(»(),<)(>()  stars,  aiiot  her  met  hod  of  est  iinat  in<,'  how 

times   the  sphere   we  ha\'e   taken   .is  oiir  thickly    they   an*   scattered    in    space;    in 

unit.      \N  e   find   the  distance  of   the  sin-  ot  her  words,  what  is  the  volniiu' «tf  space 

face    of    this    s[)here    hy    cxtraclin^    the  \\!ii<Ii,  on  the  .ixcra^o.  contains  a  sinj^h- 

ciihe  root  of  this  iiumher,  which  ;,'ives  iis  star.      I'his  iiM-thod  ^mn'cs  a  thickness  of 

o(K).     We    may,    therefore,    .say,    as    the  I  he   stars  j^realcr   i»>    ahoiit    twenty-five 

result  of  a  very  rou^h  estimate,  th.it  tiic  to  fifty  per  cent,  than  that  deri\-ed  from 

numl)er  of  stars  we  have  .sui)posed  would  llic    measures    of    parallax.   'I'hat     is    to 

be    contained    within    a    distance    found  say,   a    sphere   like    the   second    wo   lia\  <• 

by    limit ipl.\iii<_'    K)(). ()()()    times    the   dis-  proposed,  havin;;  a  ra<lins   JOO.OOO  times 

taiiee  of  the  snn  l)y  .>00;  that  is.  that  they  the   distance   of    the   sun,    and    therefore 

are    contained     within     ;i     reirioii     whose  a   diameter  SOO, ()((()   times   this  distance, 

boundary   is   '■>()(),()(»(),(»()(»   times   tlu-  dis-  would,  judi,Miii:  by   the   |>roi)er  motions, 

tanc<'    of    tlu'    sun.       This    is    .i    distance  h.ixc  ten  or  fwch'c  stars  contained  within 

throujih    which    lij,dit     winiid     tr;i\el     in  il,   while  the  measures  of  parallax  only 

about  '}'}()()  years.  show    ciirlif    st.irs    within    the    sphere    of 

It   is   not    impossible   th.it    tin'   number  this    diameter    havinji    the    sun     as    its 

of  stars   is   much   ^'reater   th.in    we   have  centre.     The    prob.ibilil  ies    are    in    favor 

supposed.      Let    us   t,'rant    that    there  are  of   this    las|    icsull.      Hut.    after   all,    the 

eifiht    times   as   many,   or  one   thousand  discrepancy  does  not  chaii^M'  the  ^'eiieral 

millions.     Then    we   shoulil    haxc   ff)   ex-  character    of    the    conclusion    as    to    the 

tend  the  l)oundar\   of  our  uiii\c!sc  twice  limits    of    the    visible    universe.      If    we 

as   far,   carrying;   it    to   a   distance   which  caun(»t  cslimale  its  extent  with  tlu- same 

light  would  re(|uire  (),({()()  years  to  tr;i\(l.  certainl.\    tli.it   we  can  determine  the  size 

There  is  another  method  of  estimalinj,'  of  the  earth,  we  can  still  f«»rm  a  general 

the  thickness  with  which  stars  are  sown  idea  of  it. 

throuirh  sjjace,  and  hence  the  extent  of  'I'lie  estimates  we  have  made  are 
the  universe,  the  result  of  which  will  )»<•  based  on  the  sup|)osition  that  the  stars 
of  interest.  It  is  based  on  the  proper  are  e(|uall\'  scat tered  in  space.  We  have 
motion  of  the  stars.  One  of  the  ^'reatest  good  reason  to  believe  that  this  is  true 
triumphs  of  astronomy  of  our  time  has  of  all  the  stars  except  those  of  the  Milky 
been  the  measurement  of  the  actual  Way.  But,  after  all,  the  latter  j)robably 
speed  at  which  many  of  the  stars  are  includes  half  the  whoK-  number  c»f  stars 
moving  to  or  from  us  in  sj)ace.  The.se  visible  with  a  telescope,  and  the  fpies- 
measu res  are  made  with  the  spectro.seope.  tion  may  arise  whether  our  results  are 
\  nfortunately,  they  can  be  l)est  made  seriously  wrong  from  this  cause.  This 
only  on  the  brighter  stars  at  least,  cpiestion  can  best  be  solved  l)y  yet 
those  plainly  visible  to  the  naked  eye.  another  mcfhrxl  of  estimating  the  aver- 
Still  the  motions  of  seVeral  huiulreds  age  distance  of  certain  classes  of  stars, 
have  been  measured  and  the  number  is  The  parallaxes  of  which  we  have  here- 
eonstantly  increasing.  tofore  s])oken  consist   in   the  ehange  in 

A   certain   general    result    of   all    these  the  direction  of  a  star  produced  by  the 

measures  and  of  other  estimates  may  be  swing  of  the  earth  from  one  side  of  its 

summed   up   by   saying   that    there   is  a  orbit    to    the   other.     But   we   have    al- 
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rojuly  remarkod  that  our  solar  systoiii,  can  Ik-  iii.kIc,  it  seems  to  ai;n>e  fairly 
with  the  earth  as  one  of  its  l)0(li(>s.  has  \V(>11  willi  tin-  results  ohtaiued  hy  the 
i>eeu  jouriit\viui:  straight  forwanl  I lirouuli  oilier  uielhods.  Speaking  rouyhly,  we 
spai'e  tluriuu  all  historic  tiuies.  It  foi-  ha\«'  reason,  from  the  data  so  far  a\ail- 
l«>ws.  therefore,  that  wf  are  coulinually  ahle,  to  l)elic\c  llial  (lie  stars  of  the 
ehauiriui:  the  positi»>n  from  which  we  Milky  \\a.\'  are  sihialed  al  a  dislauce 
view  the  -tars,  and  thai,  if  ilic  lallcr  helwvcn  iOo.OOO.OOO  and  '2(M).()()(),(M)() 
were  at  rest,  we  could,  hy  measuring!,  llie  limes  the  distance  of  the  sun.  At  dis- 
apparent  speed  with  which  they  are  mo\  -  lances  less  than  this  it  sccmus  likely  that 
ini;  in  the  opposite  direction  from  thai  llie  stars  are  dislril)uled  lliroui;h  space 
«)f  the  earth,  determine  their  distance.  with  some  approach  to  uniformity.  We 
Hut  since  every  star  has  its  own  motion.  may  slate  as  a  j^eneral  eonelusion,  iiidi- 
it  is  iinpossihie,  in  any  on(>  case,  to  de-  cat(>d  hy  se\(M-al  methods  of  making  the 
tennine  how  nmch  of  the  ai)parenl  eslimalc.  Ilial  nearly  all  the  stars  which 
motion  is  <lue  to  tiie  star  itself,  and  liow  we  can  sec  wilh  our  telescopes  are  con- 
much  to  the  motion  of  the  solar  s\s|cni  laincd  williin  a  sphere  not  likely  to  he 
throuixh  sj)aee.  ^'et,  hy  taking  jjjeneral  much  more  than  ^iOO. ()()(). ()()()  limes  Ihe 
averages    among    groui)s    of    stars,    most  distance  of  th(>  sun. 

of  whicli  are  prohahly   near  each  other.  The    in(|uiring    reader    may    here    ask 

it    is    possil)le    to    estimate    the    average  another     (piestion.     (Jranling     that     all 

distance     hy     tliis     method.      When     an  the  stars  we  can  .see  are  contained  within 

attempt    is   made   to  ai)j)ly   it.   so   as    to  this  limit,  may  there  not  be  any  number 

o))tain  a  definite  result,  the  astronomer  of  stars  witliout   the  limit   which  are  in- 

finds    that    the   data    now   available    for  ^•isil)le    only    because    they    are    too    far 

the    purpo.se    are    very    deficient.      The  away   to  be  seen? 

proper   motion   of  a   star  can   l)e  deter-  This  (|uestion  may  be  answer(>d  (piite 

mined   only   by  comparing  its  observed  definitely  if  we  grant  that  light  from  the 

position   in   the   heavens   at    two   widely  most  distant  stars  meets  with  no  ()l)slruc- 

.separate  ei)oehs.     Observations  of  suffi-  tion   in   reaching  us.     The  most   conclu- 

eient     precision    for    this    purpose    were  sive  answer  is  afforded  by   the  measure 

commenced    about    17.J0   at    the    (in-en-  of  starlight.      If   Ihe  stars  extended  out 

wieh     Ob.servatory.     by     Hradley.     then  indefinitely,  I  lien  I  lie  number  of  those  of 

Astronomer     Royal     of     Kngland.      Hnl  each  order  of  magnil  ude  would  be  nearly 

out  of  .S.OOO  stars  which  he  determined.  four    limes    llial    of   llic   magnitude   next 

only  a  few  are  availalile  for  tlic  purpose.  brighter.      I^'or  example,  we  should  ha\'e 

Even  since  his  time,  the  determinations  nearly   four  times  as   many  stars  of  the 

made  by  each  generation  of  astronomers  sixth    magnitude  as   of   Ihe   fifth;   nearly 

have  not   been  sufficiently'  complete  and  four  limes  as  many  of  the  se\-enth  as  of 

systematic    to    furnish    the    material    for  the  sixth,  and  so  on  indefim'lely.      Xow, 

anything  like  a  complete  determination  it  is  actually  found  that  while  this  ratio 

of  the  proper  motions  of  stars.     To  de-  of  increase  is  true  for  the  f)rig}iter  stars, 

termine  a  single  i)osition  of  any  one  star  il  is  not  so  for  the  fainter  ones,  and  that 

involve.s    a    good    fjeal    of    computation.  the  increase  in   llic  number  of  the  lallcr 

and  if  we  reflect  that,  in  order  to  attack  rapidly   falls   off   when    we   make  counts 

the  problem  in  question  in  a  satisfactory  of  tlie  fainter  telescojjic  stars.     In  fact, 

way,   we  should   have  observations  of  a  it    has   long  been    known    that,   were  the 

million  of  these  })Ofiies  marie  at  inter\als  universe  infinite  in  extent,  and  the  stars 

of  at    least   a   consifjerable   fraction   of  a  erpially  scattered   through  all  space,  the 

century,  we  see  what   an  enormous  task  whole    liea\-ens     would     blaze    with     the 

the  astronomers  dealing  with   this  pndt-  light     of    countless     millions    of    distant 

lern   have  before  them,  and   how  imj)er-  stars  separately  invisible  e\-en   with   the 

feet   must   be  any  determination  f)f  thr-  teleseoj)e. 

distance  of  the  stars  ba.sed  on  our  motion  The  only   way   in    which    this  r-onclu- 

throngh   space.     So   far  as   an   estimate  >ion  can  be  invalidated  is  })y  the  po.ssi- 


I.ilily  lli.il  llic  li;:lil  of  111.-  -I.iis  i>  in 
soiiu'  way  <'\l  iii;,Mii^lii'il  nr  oli^l  riictrd  in 
its  passam'  lliroimli  s|);t<<'.  A  llicdiy 
lo  lliis  cllVrl  was  pnipoinKltMl  liy  Slni\i' 
nearly  a  cciiliin'  a;,'n,  Inil  il  lia^  nJucc 
Ik'cii  rniiinl  that   llu'  fads  .i^  he  sc|   Ihciii 

follll        llll        llol        jl|s|if\-        lIlC       Cllliclllsidll. 
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liizlit  wliicli  we  would  otherwise  recei\c 
from  tlie  more  distant  liodies  of  tlie  iini- 
vcTse?  It  is  of  course  iiupossiMc  |o 
answer  this  (picstiou  in  a  posit  i\c  way. 
l»ut  t he  prol)al)Ie  conehision  is  a  nei,'ati\c 
one.  We  may  s;i\-  uitli  certainty  that 
dark  sfjirs  are  not  so  numerous  as  to 
•  III  olf  any  important  part  <»f  the  li^ht 
from    the   stars   of   the    Milk.\-    \\;i\\    l>e- 

eause,  if  the\-  tlid.  the  latter  would  not 
K..    ...    ,.i il.    :.    :         s:; 


even  when  armed  uilli  the  most  jiower- 
ful  telescopes.  Hut  iheir  i  ti  \  isihilif  y 
is  ilue  only  to  Ihiir  distance  and  I  he 
fainlness  of  their  intrinsic  li;.'lit.  and  not 
to  an\    olisl  ruci  in^'  a;iene.\  . 

Ilie  possiliilits  of  dark  stars,  ihercfore. 
does  tiot  in\alidat<'  th<'  ;;eneral  e(»iielu- 
sioiis  at  whieji  our  sur\'e\'  of  the  sultjeet 
points.  I'lie  uni\crse,  so  far  as  \\c  can 
see  it.  is  .1  hounded  whole.  It  is  >ur- 
rouinled  \)\  an  immense  ^'irdle  of  stars, 
which,  lo  our  \ision,  appears  as  the 
Milky  \\ay.  While  uc  cannot  set  exact 
linnis  to  its  distance,  we  ma\  \cl  con- 
lideiitl.v  s;iy  tli;it  it  is  lionnd<-d.  It  has 
uniformities  running'  tlirou;,'li  its  \ast 
extent,  ("ould  we  fl,\-  out  lo  distances 
e(pial  to  t  hat  of  t  he  Milky  W'a\',  we  should 
find  comparaliv  <'l\  few  stars  heN'ond 
the  limits  of  iJijii  <rir<lle.  It  is  Irin*  that 
uc  camiot  set  ;iiiy  definite  limit  and  .say 
that  liiyond  this  nctthin^  exists.  What 
\\i'  can  s;iy  is  thai  the  re^M<»n  containing 
the  \isil»|e  sl.M-s  has  some  approxima- 
tion to  a  l)oundar,\.  W  C  may  fairly 
anticipate  that  each  sneeessixc  genera- 
tion of  astronomers,  ihroiijjh  coming; 
centuries,  will  olilaiii  a  little  more  lijiht 
on  I  lie  siilijcct  will  lie  eiialded  t(t  make 
more  definite  the  l)oundaries  of  our  .sys- 
tem of  st.irs,  ami  to  draw  more  and  more 
proltahh"  conclusions  as  to  the  existence 
or  non-existence  of  an\  olijeet  outside 
of  il.  The  wise  iuNcsti^alor  of  today 
will  lea\<'  to  them  the  task  of  putting 
I  he  prolilem   into  a    more  positi\c  sh;ipe. 


I-KC'I  IHKS    FOR    .l\,\l  Ain 

The  lecturers  Kefore  the  Society  (tf  Arts 
in  .lanuary  will  prohalily  l»e  Dr.  Mrnest  F. 
Nichols,  President  of  Dartmouth  Colle^'e 
on  "  Ia<.'lit  Pressure."  and  i'rofessor 
W  illiam  T.  S-ilj^'wiek,  head  of  the  Depart- 
ment of  Hioloj^'.v  at  the  Institute,  on 
"SeieiK'c  in  the  Social  Orjianism."  These 
will  l)e  aniunineed  in  the  Januarv  numher 

of    the  SclKNCK  C'ONSI'PXTl  s. 


THE    REALITY    OF    ATOMS 

EXTRA()in>INAUY  FArilHIMKNTAL  T^K- 

SILTS  AC'lllKVKI)    HV   lU  TlIF.RFOin)   AM) 

Mil. 1.1  KAN— VISIBLE    EFFECTS    rHODlCFI) 

BY  A  SINGLE  ATOM 

n\    1).  F.  COMSTOCK 


As  everyone  knows  it  lias  long  been 
a  fiuulaniental  conception  in  science  that 
every  piece  of  matter  is  an  a^iiregatc  of 
ultimate  jiarticles  which  are  known  as 
atoms.  This  conception  has  been  so 
fruitful  in  its  results  that  the  so-called 
atomic  theory  has  seemed  to  express 
the  actual  truth  with  a  hiph  degree 
of  probability.  Of  course  these  atoms 
must  be  considered  so  small  that  they 
are  beyond  reach  of  the  most  powerful 
microscope  and  hence  cannot,  and  per- 
haps never  will,  be  seen  directly,  and 
therefore  in  recent  years  there  has  come 
into  the  minds  of  some  thinkers  the  idea 
that,  perhaps  after  all,  the  atomic  theory 
is  only  symbolic  in  its  actual  nature  and, 
although  useful,  does  not  correspond  to 
any  ultimate  reality. 

Within  the  last  few  years,  however, 
three  extraordinary  experimental  results 
have  been  achieved  whicli  have  com- 
pletely suppressed  the  doubters  and  have 
.so  completely  routed  them  that  they 
are  almost  certain  never  to  return  to 
their  battlements.  The  first  result  re- 
ferred to,  grew  out  of  the  infant  .science 
of  radio-activity.  The  second  was  an 
experimental  result  brought  about  by 
the  genius  of  Ernest  Rutherford,  the 
distinguished  pioneer  in  radio-activity 
and  the  third  is  a  result  obtained  within 
the  last  year  by  a  countryman  of  our 
own.  Professor  Millikan  of  the  T'niversity 
of  T'hicago.  In  everj-  one  of  these  cases 
a  definite  visible  effect  was  profluced  by 
the  action  of  a  single  atom  or  molecule, 
that  is,  in  each  of  these  three  remarkable 
instances,  the  experiments  were  so  ar- 
ranged that  one  could,  so  to  speak,  count 
the  atoms  one  by  one.  Such  an  attain- 
ment is  remarkable  and  quite  unique.  In 
all  the  historj-  of  physics  before,  there 
was  not  a  single  effect  noticed  which 
could  be  attributed  directly  to  an  action 


of  a  single  atom  or  molecule.  In  all 
cases  experimental  results  were  of  such 
a  nature  that  it  indeed  seemed  necessary 
to  interpret  them  by  assuming  matter  to 
be  made  up  of  these  nlliiuate  units,  but 
this  assumption,  although  probable, 
lacked  direct  proof  and  was  very  far 
from  being  equivalent  to  the  isola- 
tion of  a  single  atom  or  molecule.  Thus 
the  atomic  theory,  although  a  highly 
probable  one,  had  to  wait  until  within 
the  last  few  years  for  its  proof,  but  this 
proof,  when  it  came  plac-ed  it  beyond  all 
reasonable  doubt. 

Inasmuch  as  this  exj)erimental  proof 
of  the  atomic  concept  is  of  momentous 
import  in  the  scientific  world,  it  will, 
perhaps,  be  of  interest  to  the  reader  if 
we  outline  as  briefly  as  possible,  the 
nature  of  the  evidence  in  these  three 
types    of    funrlamental    experiment. 

As  has  been  said,  the  first  of  these 
three  results  grew  out  of  the  science  of 
radio-activity  not  long  after  its  birth. 
If  a  j)iece  of  radio-active  material  be 
held  near  a  piece  of  zinc  sulphide,  it  will 
be  found  that  the  sulpliide  is  caused  to 
phosphoresce  brightly.  This  phosphor- 
escence has  been  found  to  be  due  almost 
entirely  to  what  are  known  as  the  "alpha 
rays"  from  the  radio-active  stibstance. 
Following  out  the  atomic  theory  these 
rays  have  been  assumed  to  be  atoms  of 
the  element  helium,  but,  of  course,  if 
the  whole  idea  of  atoms  is  fallacious, 
then  the  presumption  as  to  the  nature 
of  alpha  rays  is  wide  of  the  mark.  The 
remarkable  thing,  however,  in  connec- 
tion with  the  phosphorescence  caused 
by  the  alpha  rays  is  that  if  the  lighted 
region  is  examined  closely  wifli  a  lens, 
it  is  found  to  be  not  the  uniformly  il- 
luminated surface  which  it  af)pears  to 
the  naked  eye,  but  instead  a  region  of 
darkness    illuminated    by    thou.sands    of 
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little  l»li;,'lit  >l;il->  «-:ieli  one  of  wliieli 
exists  (»iil\  Inr  ;iii  iii>t;ilil  ami  tlieii 
vani>lies.  Siieli  an  elleel  can  ttuly  Ite 
interpreted  as  due  to  I  In*  honihardinent 
of  II  stream  of  separate'  particles  wliidi 
leave  the  radio-act  i\e  MiK^lance  and 
inipin«,'e  upon  the  jdccc  i.f  >iilpliidc  •aii-^- 
\u^  it  to  plio>pliore>cc  at  one  niinul*- 
point  whereNcr  one  of  these  particles 
strikes.  Here  we  ha\('  a  light  elFect 
due  In  the  strikin<,'  of  a  ,sinj,'le  atom  and 
as  has  heeii  intimated,  it  is  the  very 
first  result  of  the  kind  in  the  history  of 
physics.  Uy  eountin«,'  the  mimhcr  of 
tlic  scintillations  one  can  t<'li  how  man\' 
utuins  leave  I  he  railio-activ  e  >ult>lance 
jK'r  second. 

And  MOW  let  u^  ^pcak  liricil.\  of  ihc 
second  ex|)eriinent  (tf  this  famous  liio. 
It  was  known  when  Professor  Hulher- 
ford  commenced  his  study  that  one  of 
the  j)articles  assumed  to  make  up  llic 
al|)ha  rays  tra\"els  with  such  enormous 
speed  that  it  produces  heatin<^  effects 
when  stopped  which  are  out  of  all  proj)or- 
tion  to  its  si/.e.  In  more  technical  terms, 
it  was  known  that  a  s(,)-called  "alpha 
particle"  produced  some  ei<,'hty  thousand 
ions  in  the  air  or  other  j,m.s  which  it 
pas.sed  through  Kefore  if  was  slowed  dou  n 
like  a  met<'or  and  finally  stoppc(|.  .Now 
these  ions  which  are  formed  in  the  gas 
are  similar  to  the  ions  in  an  electro- 
lytic solution  and  by  their  presence  they 
cause  the  gas  to  he  a  very  much  hettcr 
conductt)r  of  electricity  than  it  was  he- 
fore.  Moreover,  hy  pro|)erly  arranging 
the  apparatus,  if  is  possihie  to  cause  these 
eighty  fhousan<l  ions  to  mo\'e  so  rajjidly 
hy  nu-ans  of  an  electric  field  that  each 
of  them  will  produce  perhaps  a  thousand 
more  ions  hy  the  same  general  hom- 
harding  action  as  that  of  the  original 
alpha  particle.  Thus  it  will  he  evident 
in  a  general  way  that  the  effect  of  a 
single  alpha  particle  might  hy  proper 
arrangement  he  so  enormously  magnified 
hy  this  douhle  mult iplicaf ion  of  effects 
that  the  end  result  might  he  great 
enough  to  affect  a  needle  of  the  most 
delicate  electrometer  known.  Now  thi.s 
is  just  the  idea  which  came  to  Pro- 
fessor Rutherford  and  he  arranged  his 
apparatus   so   that  a   minute  particle  of 


radio-act  i\-e  material  emitted  its  rays  in 
the  direction  <jf  a  rlistant  hole  in  a  piece 
of  metal.  The  hole  was  so  small  and 
so  distant  that,  on  the  average,  he  cal- 
culalcil  that  only  ahout  four  single 
particles  ill  the  rax's  would  pass  thnMigh 
lliis  holi-  ill  :i  iiiiiiiile.  On  ihe  olher 
.side  ol  the  hole  he  had  his  magnifying 
apparatus  set  up,  including  his  extremely 
delicate  electric  detector  (ele<-t rometerj, 
and  he  finally  succeech'd  in  getting  a 
definife  jerk  to  the  nee<lle  of  this  instru- 
meiif  for  c\cr\  single  alj)ha  particle 
which  came  through  flu-  small  hole, 
that  is,  on  the  a\'erage  ahout  four  jerks 
a  miiiulc.  Tliiis  he  was  enahled  to 
count  one  hy  one  the  ultimate  jjarticles  of 
which  the  ia\s  are  luiilt  uj),  and  tin*  residt 
was  the  same  as  the  nuniher  of  sciiitilla- 
fions  hefore  mentioned.  It  has  heeii 
shown  (lefinilel\-  that  radium  gi\-es  off 
Ihe  element  helium  coni  iniially,  and  as 
a  mailer  of  fad,  il  is  known  ihal  this 
helium  comes  off  in  llu-  form  of  these 
same  alj)ha  rays,  so  that  when  we  dis- 
cover that  the  rays  are  comi)osed  of  a 
stream  of  sei)arate  particles  ;nd  when 
we  have  counted  these,  we  ha\('  in  reality 
counted  the  actual  atoms  of  helium  as 
tlie.\-  enter  <»ur  apparatus  (»ne  h\-  one. 
This  resull  it  was  which  hroke  down 
finally  the  oj)i)osifioii  of  I  hose  opposing 
the  atomic  theory. 

And  now  we  come  lo  Ihe  Ihiid  exjjeri- 
ment:  namely,  that  of  Professor  Milli- 
kan.  If  has  heen  shown  in  recent  years, 
that  electricify  and  matter  in  their 
ultimate  structure  are  \-ery  closely  akin 
and,  iiidec*!,  <'leclricity  as  well  as  matter, 
is  atf»mic  in  its  nature,  that  is.  electricity 
is  no  more  uniform  and  continuous  than 
matter,  hut  consists  of  ultimate  units 
called  electrons  which  are  not  further 
di\isihle.  When  the  so-called  ions  are 
produced  in  the  gas,  the  action  is 
simply  that  of  detaching  an  atom 
of  electricity  from  an  atom  of  matter 
and  allowing  if  «Mther  to  float  free, 
or  atfa<-h  itself  to  another  molecule 
of  the  gas.  Now  Profes.sor  Millikan 
succeeded  in  getting  one  of  these  ions 
or  charged  molecules,  let  us  .say,  com- 
pletely isolated  from  the  rest,  and  was 
thus  enabled  to  studv  the  effect  of  elec- 


^^ 


Science^  CoiispiH'lus 


trie  at  tractions  or  repulsions  upon  one 
siiijile  atom  of  eleetrieity  and  measure 
aceurately  the  value  of  its  eliarire  in 
tonus  of  everyday  lal)orat«)ry  units. 
He  did  this  hy  a  methoil  first  et)neeived 
\^\■  Sir  J.  J.  Thomson,  the  great  pioneer 
in  modern  physies.  It  had  heen  found 
l»y  Thomson  and  others,  that  when 
fog  is  pnxhieed  in  (hnnp  air  wliich  con- 
tains ions,  the  ions  assume  the  role  of 
nuclei  about  whii-h  fog  particles  form. 
The  ions  themselves  are  thousands  of 
times  too  small  to  he  seen  even  with  a 
microscope,  but  when  a  fog  i)article. 
that  is  a  small  droj)  of  water,  is  formed 
al>out  an  ion,  Millikan  found  it  perfectly 
possible  to  see  and  ob.serve  the  motions 
of  a  single  drop  having  as  its  nucleus 
a  single  ion.  Such  a  small  drop  of  water 
having  an  electric  charge  ecpial  to  a  single 
atom  of  electricity  will,  of  course,  be 
slowly  attracted  or  repelled  from  a  large 
charge  brought  near  to  it  in  the  room 
and  its  motions  under  changing  conditions 
may  be  carefully  observed  and  studied. 
It  might  readily  happen,  of  course,  that 
such  a  charged  drop  woidd  accpiire 
another  atom  of  electricity  of  the  same 
sign  as  the  first,  because  of  the  i)roximity 
of  the  many  ions  both  jiositive  and  nega- 
tive in  the  surrounding  gas.  As  a  mat- 
ter of  fact.  Professor  Millikan  noticed 
over  and  over  again  the  sudden  increase 
in  the  speed  with  which  his  little  water 
drop  was  moving,  corresponding  to  the 
sudden  increase  of  its  charge  through  the 
capture  of  another  ion.  'J'liroughout 
tlie  lf>ng  series  of  e\j)eriments  on  many 
dnijis  of  water  and  oil,  he  actually  saw 
the  little  drop  through  the  sudden  change 
of  its  sf>eed  take  on  ion  after  ion,  one 
at*  a  time.  The  increase  in  speed 
throughout  the  whole  series  being  of 
.sucji  amount  as  to  be  in  f»erfect  harmony 
with  preconceived  ideas  as  to  the  size 
of  the  ultimate  atom  of  electricity. 

Thus  tf)  sum  up  in  a  few  words,  Pro- 
fessfjr  Millikan  saw  a  minute  droj)  of 
water  or  oil  increase  or  dimim'sh  its 
sf>eed  in  jerks  corresponding  to  its  tak- 
ing on  one  by  one  a  series  of  atoms  of 
electnV-ity.   thn^  df-rnr»nstrating  with  re- 


nt'wi'd  force  the  discontiiuious  siruclure 
of  I'leclricily  and  tlu>  ^•ali<lily  of  modern 
ideas  with  regard  to  the  actual  magni- 
tude of  this  nllimate  unit. 

There  are  doubtless  many  jx'ople  to 
whom  these  fundamental  experiments 
will  not  appear  particularly  remarkable, 
but  to  the  scientific  man  accustomed  to 
think  of  the  extraordinary  minuteness 
of  the  atom  which  has  long  been  such  a 
fundamental  concej)t,  these  exi)eriments 
can  be  considered  little  short  of  ejxx'h 
making.  It  will  give  some  vague  idea 
of  what  it  means  to  count  atoms  one  by 
one,  to  .say  that  in  a  cubic  inch  of  water, 
there  are  so  many  atoms  that  the  num- 
ber can  only  be  represented  by  a  figure 
of  twenty-five  ciphers. 


MOTION  PICTURES  IN  NATURAL 
COLORS 

At  a  recent  meeting  of  tiie  Xew  York 
Electrical  Society  some  beautiful  effects 
were  shown  with  the  new  process  of  pro- 
(hicing  moving  pictures  in  natural  colors 
produced  l)y  a  ph()tograi)hic  j)rocess  and 
not  by  any  retouching  of  the  negative. 
The  effect  is  said  to  be  indescril)ably 
beautiful  to  those  who  have  seen  the  new 
process.  By  taking  i)ictures  at  intervals 
of  fifteen  to  tliirty  minutes  and  then  re- 
I)roducing  them  with  the  rapidity  of  se- 
quence of  ordinary  moving  pictures, 
flower  buds  can  be  seen  to  swell  and 
blossf)m  before  the  very  eyes  of  the 
spectator  and  in  the  most  wonderful 
colors  imaginable.  In  this  process,  two 
color  filters  are  used:  one  for  red  and  the 
other  for  green  and  also  higldy  sensitijced 
films.  The  pictures  are  taken  about 
twice  as  rapidly  as  ordinary  moving 
pictures  and  are  reproduced  in  the  same 
way.  The  films  are  ordinary  black  and 
white  films  and  the  color  effects  are  pro- 
duced by  reel  and  green  screens  placed 
just  })ack  of  the  lens.  The  first  i)icture 
shown  on  the  screen  is  red,  then  (^-omes 
one  of  green,  then  one  of  red  and  so  on, 
the  alternations  }>eing  so  rapid  that  the 
effect  on  the  eye  is  that  of  I  lie  natural 
l>lending  of  color  and  motion. 


KARL    PKAKSON    ON    IM{ACTICAL    KICKMCS 

I  \(  l()l;^    i,i,<.i-i.\  1 1(>\    \\i>  M()i)i,u\ 

(ll\l;Il^     im;\\i.i/i:    (.ood    i'\Ki:.\r 

M.\:      iiii:     l{l•;Ml•;l)^     i{i;^i;r    wnii 

(.i{  \\  i;  1)11  IK  I  I  rii-> 


Tin-;     (Ircrca'^c     1(1'     the     liirtli      i;ili'     III  Ih-cii    ,i    iii;i  ikci  I    ;i(fr|c|-,i  I  ci  |  ( Icc.n  |cii<i-    in 

Kii^laml.     I*'r.iii<r     .iinl     ullicr     cniiiil  ri«'>  Ihc     liiilli     i;itr.       At     tin-    |)ic-<iit     linn- 

has  hfcii  tlu-  >iilij<<t   <>|'  ((iiiNidcral)!*'  (li•^-  llic  iliilil    lia^    im  <-i(iii<)iiiii-    \aliic    till    it 

cussinii   diiriii;^'    tin-    |tas|    lew    year^.    ami  i-.   l.'l  and    II-,  an<l  cxcn    tlifn.<]n    acfoiint 

Prnf.  Karl  IN-ar^oii.  of  I  lif  l''iaii<i>  ( iailon  <>|'    rc-t  lict  imis,    i|    js    of    limited    [)i'o(|ii(- 

Kilji«Miic>     Laltoratoiy    in     London,    in    a  li\ity  until    1(1. 

Iccliirc  d«'li\ cn-il   mi    Ma>    '.l').    liM)!>.   di^-  Tlic   decreased    hirlli  rale   al>n   emplia- 

eil>>ed    eerlain    fealiinvs    ol    the    proKh'iii  si/o    ;i    hiohi^'ical    feahire    ol'    mmli    im- 

with     refereii<-e     t(»     Khirlish     eoiidit  ions.  portancr.      ( )l»ser\ati()iis,    which     he     lie- 

whieh  are  of  <:eil«'ral  interest.       I'rol'essor  lievcs    |o    he   eorreel.  deiiiolisl  r.ite     'thai 

IVarsoii's     n'pntation     as     a     scientist     i>  the  mental  and  pliysie;d  condition  ol   I  he 

intcrnalioiial  and  his  opinions  ;ire  then*-  lii-st     .tnd     second     Itorn     iiieiiiliers    of    :i 

fore  worlhy  of  clos*'  ;il  lent  ion.  lainily     is     dill'erent  iaied     from     that      of 

Factory  le<,Msl;ilion,  prohihit  in;:  aii<l  later  nicmliers.  They  are  of  a  more 
reslrictiii^  child  lahor  and  the  \V(»rkin;:  ner\oii>  .md  less  sfaliie  constitution, 
of  mothers  for  consideraMc  periods  hotli  We  lind  thai  the  neurotic,  the  insane, 
hefore  and  after  t  he  hirt  h  of  cliihlrcn.  is  the  t  iilierciiloiis  and  the  alliinoti<-  are 
considered  l»\'  l*rofes>or  I'carson  to  he  more  fre«|iient  among  the  elder  horn. 
ill  a  larp'  measure,  resj)onsil)le  for  I  he  The  significance  of  this  fact,  if  true. 
decrt'asi'  in  the  liirtli  ratt',  and  further-  is  ni(»st  \ital.  as  it  means  thai  uilli  re- 
more,  he  stales  that,  " h'gislal  ion  de-  iliiction  of  >i/,e  of  family,  there  arises  an 
\iited  to  the  im|)rovement  of  the  race  increased  |-clali\c  proportion  of  I  he 
l>y  change  of  t'livironment .  may  not  nientall.x  and  physically  unsound  in  a 
only    l)«'    inefl'ectiial.    hut     may    he    posi-  comnmtiit.\  . 

ti\el_\-    detrimental,     if    its     |-e>ull     Ix-     |o  With    reganl    to    the   legislati(»n    of    the 

nio<lify  select  i\c  act  ion."  kind    inentionc(|    ah«(\-c.    Professor    I'car- 

i'rofcsxir  I'carson  emphasi/es  that  sou  slates  "that  uc  lia\c  an  illustration 
children  of  the  "uorking  class"  used  to  in  this  nialter  of  a  case  and  it  is  not 
have  a  distinct  econoniie  value,  hut  they  an  isolatcil  case  in  which  legislation 
fan  no  longer  he  considered  as  an  eco-  intended  to  promote  national  progress 
noinic  asset  since  hoth  factory  acts,  to  improxc  the  racial  (|ualitics  (»f  future 
with  chiM  iahor  n-st rict ions,  and  e<lu-  generations  has  din'<tl\'  tende<]  to  en- 
cation  acts,  with  compulsory  att<'nd-  feehle  the  race;  in  the  first  place  l»y  re- 
aiice  rules.  Iia\<'  taken  away  their  \alue,  ducing  the  intensity  of  natural  s<'lec- 
and  a  voluntary  curtailment  «»f  the  tion.  and  in  the  second  place  hy  pro(luc- 
nnmlxT  of  children  has  resulted,  as  chil-  ing  a  {)opidalion  of  lower  average  fitness." 
dren  were  no  longer  finan<-ially  profit-  The  reason  for  this  is  aftrihuted  to 
able.  the    fact    "that    one   class    which    had    no 

He  .sets  out   to  prove  this  statistically.  <".\p«'rience   of   the  child    as  an   economic 

and    figures,    which    have   been    gathered  ass<'t    was   legislating   for  another   w  ho^e 

from    certain    mining,    rural    and    indus-  life  conditions  the  fornn-r  <lid  ii(»t   in   the 

trial    parts   of    Kngland    are   given.       He  least  realize." 

notes     that     folhtwing    every     i)articular  Parents    are    actually    liandicapi)ed    in 

act    that    restricte<l     child     labor    (»r    re-  the  struggle  for  existence  as  against   the 

(piired  comj)ulsor>    attendance,   there  has  childless  couple,   as   they   ha\'e   increased 
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expenses,  Init  no  anginentatioii  of  in- 
come. 

Statistics  arc  irivcn  to  show  that,  even 
witli  a  niarkctlly  K)\vcr  lurth  rate,  then' 
is  a  corrchition  of  the  hiirher  jirades  ol' 
this  lower  liirth  rate  with  socially  nndc- 
sirable  characters.  Hij^h  hirth  rates 
have  a  very  marked  relation  to  had 
characteristics,  the  only  exception  to 
this  that  was  noted  was  with  cancer; 
here  the  liistricts  of  good  social  charac- 
ter hut  with  low  hirth  rates,  have  the 
most  cancer. 

Furthermore,  he  considers  that  mod- 
ern charity  and  poor  laws  have  tended 
to  directly  penalize  good  parentage. 
He  says  that  "the  child  ceasing  to  be  an 
economic  asset,  has  become  a  burden; 
but  poor  laws  and  charity  have  largely 
succeeded  in  lifting  this  burden  from  the 
shoulders  of  the  degenerate  parent." 

Professor  Pearson  does  not  advocate 
in  any  way  the  repeal  of  factory  acts 
and  the  return  of  the  children  to  the 
insanitary  and  stifling  atmosphere  of 
the  workshops.  He  believes  that  the 
problem  can  largely  be  solved  by  giving 
back  to  the  child  its  economic  value, 
"and  if  we  can  differentiate  between  the 
economic  values  of  good  and  bad  par- 
entage, if  we  can  make  the  possession 
of  healthy,  sound  children  a  greater 
economic  asset  than  the  possession  of 
feeble  offspring,  then  we  have  for  the 
mass  of  the  people  solved  the  problem 
of  practical  eugenics." 

He  further  l>elieves  that  there  is  one 
way  in  which  the  problem  can  be  solved, 
and  this  depends  on  the  reversal  of  the 
effects  of  the  present  factory  acts  which 
fK-nalize  parentage  and  handicap  mothcr- 
hfXKi,  and  this  must  be  done  in  such  a 
way-  "that  sound  parentage  and  healthy 
motherhood  must  be  given  a  substan- 
tially economic  advantage  over,  not  only 
childlessness,  but  over  unsound  parent- 
age and  feeble  motherhood." 

The  author  realizes  the  grave  diffi- 
culties   in    bringing    about    the    changes 


that  will  remove  tiic  penally  for  good 
parentage.  State  endowment  of  fit  par- 
entage is  suggested  as  a  possihilily.  and 
Professor  Pearson  suggests  llial  I  he 
millions  of  ])ounds  now  being  given  to 
old  age  pensions  could  be  used  to  better 
advantage  in  endowing  j)arentage  in- 
stead of  senility,  but  he  does  not  yet  .see 
light  towards  the  practical  solution  of 
the  prol)lcm  "except  in  a  system  of 
national  insurance,  in  which  employer, 
state  and  workmen  shall  combine  to  in- 
sure against  invali<lity,  motherhood  and 
the  nurture  of  offspring — such  pro- 
vision being  differentiated  by  the  fit- 
ness of  the  parentage." 

Environmental  reform  and  philan- 
thropic effort  in  the  last  sixty  years  in 
England  has  done  much  to  interfere 
with  the  })rocess  of  natural  selection  and 
consequently  with  the  selective  death 
rate.  If  the  former  racial  stability  and 
national  stamina  of  the  English  is  to  be 
regained.  Professor  Pearson  belie^•es  that 
a  selective  birth  rate  must  be  introduced 
to  offset  the  evil  effects  of  the  suspen- 
sion of  the  selective  death  rate. 

Professor  Pearson  does  not  anticipate 
that  the  fundamental  princii)lc  of  his 
lecture,  namely  that  the  child  is  a  ware 
and  of  economic  value,  will  be  a  popular 
doctrine.  It  will  be  particidarly  dis- 
agreeable to  the  cultured  classes,  with 
whom  the  child  has  never  been  a  mone- 
tary asset.  He  believes,  however,  that 
with  a  realization  of  the  great  social 
jjrinciplcs  involved,  the  prejudices  and 
difficulties  will  \)C  surmounted. 

The  above  is  in  no  sense  a  critical 
review,  but  merely  an  abstract  of  a 
lecture  which  seemed  to  be  of  unique 
interest  and  of  possible  application  to 
certain  districts  and  cities  in  the  United 
States. 

The  full  lecture  will  be  found  in  No.  5 
of  the  PvUgenics  Lal)oratory  I^ecture 
Series  published  by  Dulau  &  Co.,  of 
London. 


XKW  I)ISC()\Kin'  IN  SOIL  KKKTIMZATION 


A  \  ^  (lisciA  cry  or  applical  ion  of  science 
llijil  li.i>  to  (Id  uitli  llic  iriiproxcnicnl 
of  llif  frrlilily  of  llic  ->oil,  ii.il  iir.illv 
\\  .irr.iiitN  nnii^iijil  interest  .-ind  a  r«'t<Mit 
i-onuininieat  ion  from  the  l{ot  li:iinst<'i| 
ICxperiiiK-nt  Station  at  narpendeii.  Kn^'- 
land,  indirato  that  anolh<-r  step  in  ad- 
vance has  liren  nia(h'  and  that  we  are 
coniin^j  to  a  l>eller  nnder>landin;,'  of 
Ihr  chemical  and  liioloirical  conditions 
existing,'  it)   the  soil. 

It  has  lifcii  known  sukc  ISTS  that 
the  process  of  nit  rilicat  ion  in  soil  is  dne 
to  li\in^'  a;,'encies.  Nit  rilicat  ion  is  the 
name  <,M\en  to  the  |)rocess  of  oxiilalion 
l)V  means  of  which  comf)lex  nit  roLTciions 
('omponnds  are  convcrfecl  into  simple 
inorganic  sails  and  in  these  form-  they 
an*  readily  assimilated  l»\-  the  plants. 
The  importance  of  nil  rilicat  ion  is  rea<lil\' 
seen  when  we  consi<|cr  that  plants  are 
iinahle  to  ohiain  their  nitroi^cn  directly 
from  the  complex  nitro;,'enoMs  com- 
ponmls. 

\Varrin;,'ton,  \\'ino;,'radsky  and  l\irl;.^ 
Ity  an  elahorale  series  of  experiments, 
showed  (hat  this  process  of  nitrification 
was  hronj^ht  ahoni  hy  certain  hacteria. 
Wilfarth  and  Hellrieiiel  in  1SS(>  fnrther 
demonslral(M|  the  fact  that  there  were 
other  l)acteria  which  were  capaMe  of 
enlerinj,'  into  a  close  comliination  with 
the  roots  of  certain  kinds  of  plants  like 
hcans,  peas,  ch)ver  and  other  le^Mimes. 
These  l)actcria  caused  the  development 
of  nodules  or  tuhoreles  on  the  roots  of 
these  phints  and  as  a  result  of  the  i)art- 
nership  of  the  bacteria  atul  the  plant, 
the  plant  was  endowed  with  the  re- 
niarkal)le  power  of  heini;  ahle  to  obtain 
its  nitroyen  directl\-  from  the  atmos- 
phere and  was,  therefore,  independent  of 
the  soil  for  its  supply  of  this  essential 
element.  These  nodule-producing  organ- 
isms are  fref|uently  called  the  "nitrogen 
fixing"  hacteria. 

As  is  well  known  the  I)ei)artment  of 
Agriculture  has  done  most  exhaustive 
work  on  these  nitrogen  fixing  organisms, 
and  has  gone  so  far  as  to  isolate  them 
and  distribute  them  to  farmers  .so  that 


they  might  lie  alili'  to  infect  soil  and 
seed  with  llicm.  .Not  only  is  the  crop 
increased  liy  this  process,  hnl  llic  nitrog- 
enous content  of  the  soil  is  augmented 
markedl\-  on  acc(»unl  of  tin-  stuMile  and 
roots  left  after  the  crop  has  heen  cut. 
These  nodule-producing  (trganisms  are 
apparently  onl\  of  \aliic  with  the  le- 
gumes n-fcrrcil  to  al)o\«',  hut  there  has 
hccn  demonstrated  a  large  class  of  or- 
ganisms residing  in  the  soil  which  can 
confer  the  power  of  ohtainitig  their  nitro- 
g<'n  from  the  al  uiospherr  to  noti-legu- 
mitious  [)lants. 

With  IIk'sc  facts  in  mind  it  follows 
that  conditions  which  fa\()r  the  growth 
of  these  \arions  soil  liaeteria  will  like- 
wise fa\()r  the  fertility  of  the  soil  and 
the  size  and  (pialily  of  the  crop. 

Kxperiments  in  \arious  i)laces  lia\e 
show  II  that  hy  treating  soil  to  certain 
weak  disinfectants  or  hy  heating  it,  an 
increased  fertility  was  hrought  ahout. 

The  explanation  of  these  (ihcnomcna 
has  api)arently  hccn  foun<l  hy  Doctors 
Hussell  and  Hutchinson  w  ho  have  studied 
carefull_\-  the  chemistry  and  hiology  of 
soils  under  various  kinds  *(f  antiseptic 
treatment  and  also  treatment  h,\-  heat. 
They  find  I  hat  iminediatel_\'  following 
the  treatment  then*  is  a  great  fall  in  the 
numher  of  hacteria  in  the  soil,  hut  that 
in  a  few  da\s  the  mimher  has  increased 
so  that  it  is  greatly  in  excess  of  the  nor- 
mal numhers  of  untreated  soil.  Simi- 
larly, the  ammonia  in  the  soil  has  in- 
creased very  greatly,  and  it  was  also  found 
to  he  gre.'itly  in  excess  of  the  iisnal  amount 
})re.sent. 

\n  investigation  into  the  cau.ses  of 
this  remarkahle  state  of  affairs  revealed 
the  importard  fact  that  the  incomjilete 
sterili/.ation  or  disinfection  while  only 
|)artially  killing  off  the  hacteria,  actually 
practically  destroyed  all  of  the  large 
group  of  organisms  known  as  protozoa 
in  the  soil.  I'rotf)Zoa  are  unicellular 
animals  of  greater  size  anfl  eomjjiexity 
than  the  hacteria  and  their  presence  in 
the  sf)il  has  long  heen  known.  They 
are  known   to  feed  extensively  on  bac- 
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toria  and  constMnuMilIy  if  llu>  soil  ^■:\^\ 
1)0  rid  of  tlu'ir  prrstMuo.  it  will  he  made 
a  inoro  fa\"oral»Io  medium  for  I  lie  irrowtli 
of  flio  valualdo  hacfc-ria.  and  tluis  K'ad 
to  an  iiuToasod  amount  of  nilrop'n  in 
a   forju  a\ailalil«'  for  |)Iant    lif(\ 

If  i'^  hard  to  cstimati^  llic  \alu(>  of 
this  disc«)\tM-y  at  lh(>  prrstMil  time.  Iml 
it  is  easy  [o  scv  that  it  may  hr  of  \(M\" 
jirrat   siirniHcanco. 

KxpcrinuMits  arr  now  hcini;  made  to 
(Irtormino  the  jM-actical  nuMliods  for 
troatiiii:  soils,  so  that  tlu>  proto/.oa  iiia\ 
l>o  killed  off  and  the  I>aclerial  growth 
favored. 

If  tliis  is  aecom|)Hshed  and  the  in- 
creased fertility  of  the  soil  assured,  a 
jrreat  step  in  advance  will  have  heen 
made  and  another  iireat  trinm])h  earned 
by  the  miero-l>ioloi:ists. 

An  excellent  jxtpnlar  exposition  of 
this  research  will  he  found  in  Uar})cr\s 
Mofjazinc  for  October  from  the  j)en  of 
A.  D.  Hall,  F.  R.  S.,  director  of  the 
Rothanisted  Experimental  Station. 

s.  M.  G. 


throuiihoul.      l"\)Ilowinu   are   |1h>  data    in 
this  test: 


N A\  AL  TESTS  OF  FFFCTRIC  COOK- 
IN(;  AFPARATIS 

A  HKI'OHT  has  just  heen  nia<le  l)y  a 
hoard  of  officers  appointed  to  investi<iale 
the  comparative  advantages  of  electric 
methods  of  cooking  and  the  coal  range 
for  nse  on  Vmard  warships.  The  tests 
were  made  with  large  cpiantities  of  ma- 
terial sufficient  for  a  shifj's  comj)any  and 
the  results  are  unusually  interesting. 

The  range  of  experiments  was  very 
complete  cf)vering  every  operation  re- 
fpiired  in  cooker>',  the  (piantities  being 
sufficient  for  one  hundred  and  fifty  men. 
A  test  .showing  the  relative  economy  of 
operation  was  made  on  two  ten-pound 
roasts  of  V>eef  of  the  .same  shape, — one 
V>eing  crK)kefl  in  the  electric  and  the  other 
in  the  coal-burning  range.  A  thermom- 
eter was  iLsed  to  fletermine  when  the 
meat  was  roasted,  the  meat  being  re- 
moved from  the  oven  when  a  temi)er- 
ature  of  fifty-five  degrees  C  at  the  center 
of  the  roast  was  recordefl.  In  this  test, 
the  beef  roasted  in  the  electric  range  was 
superior  being  more  thoroughly  cooked 


Electric      1 
10  lbs. 

Coal 

Qvijinlily  of  hocf  .  .  . 

10  lbs. 

1  iiiif    luHM'ssary    to 

oltliiin       iii'cossiirv 

li-nipiT:ilurc 

50  mill. 

L'  Ins.  12.)  mill. 

'I'iiiu'    rciiiiired     for 

roMsliMH 

1  hr.  40  mill. 

2  Ins.  L'O  iiiiii. 

lOloctrioity          con- 

7  kw.  hrs. 
.0525 

\{ 

Cost  of  electricity .  . 

.114285  (untlirucitc) 
.064944  (bituminous) 

Tlie  above  test  sliows  that  the  electric 
iaiiy(>  is  somewhat  less  ex])ensive  to 
o|)erate  than  a  range  using  bituminous 
coal,  based  on  tlu>  cost  of  el(>ctricity  and 
coal  on  warships.  Cominissary  stewards 
and  ships'  cooks  who  tried  the  range 
stated  thai  the  relative  working  capacity 
was  fully  ^1  to  1.  The  board  strongly 
reconiinended  (lie  installation  of  electric 
ranges  on   na\al  vessels. 


THE  TURHO-TRANSFC )R M  ER 

It  is  a  well-known  fact  that  the  rale  of 
revolution  of  a  steam  turbine  at  its 
greatest  economy  is  much  greater  than 
the  speed  of  rotation  of  a  ship's  propell(>r 
when  most  efficient,  and  when  turbines 
have  been  u.sed  for  marine  i)ro|)nlsion  il 
has  been  necessary  to  ado|)t  some  rate 
of  specfl  between  the  two  which  results 
in  a  loss  in  efficiency. 

Dr.  H.  Foettinger  of  Stettin,  (iermany, 
has  devi.sed  a  sj)eed  reducing  gear  which 
.seems  to  do  away  with  the  difficulty 
above  mentionecl.  In  his  device  a  steam 
tnrl)ine  is  made  to  drix'c  water  through 
a  rotary  piini])  the  rotor  <»f  which  is  ke.N'cd 
to  the  shaft  of  the  propeller.  This  hy- 
draulic transmission  dexice  is  called  a 
transformer  and  in  connection  with  this 
driving  turbine  constitutes  what  is  known 
as  a  turbo-transformer.  Doctor  Foettinger 
claims  an  efficiency  ranging  from  sev^enty 
to  eighty-five  per  cent.,  as  well  as  th(! 
ad\'antage  of  easy  reversibility  and  of  the 
comparat  i\'ely  small  re(luction  of  effi- 
ciency when  a  ship  is  steaming  at  cruising 
speed.  Simple  arrangements  liax'c  been 
devi.sed  for  reversing  the  jjropeller  with- 
out changing  the  direction  of  rotation 
of  the  actuating  turbine. 
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LKCTrRKS  IN  DKCEMBKH 


Mr.  fjniis  K.  I\tiiirkt\  the  ncirli/  it/ipDinlcd  Commissioner  of  J'ulilic  I(  nrhs  of  lio.sttni, 
on  "  Tlif  Scicniific  Athninistnillon  of  I'nhllr  \\'orks,"II iintintjlon  I/all,  'Iiicsdni/  rrcning, 
Drirnihrr  l->tli,(il  S  o'clock.      Mr.  Roiirkc  ulio  \\;is  recently  erij^'iiieer 


(>71sT  Mkkti\(; 
1)k<kmijki{  I.Sth 


it)  cli.-irtre  of  eoiisl  ruct  iiii;  IIk-  lar^esl  of  I  lie  three  j;re;it  (li\  isioiis  of 
the  I'iiiiiiiii:i  (':iii:il,  li;i>  jii>|  ,-ieeoiii|)li>he(|  a  eoiisolidat ion  of  the 
(loparliiM'iits  of  the  City  of  lioston  having  to  do  with  en^iiie<'rin^  e<nistnictioii 
work,  into  a  Dejjartinent  of  I'lihlie  Work>.  The  new  eoniinissioner  will  draw  a 
hvsson  from  t  he  elfecl  i\ c  oruani/at  ion  at  I'aiiaiiia  and  will  >how  how  I  his  consolida- 
tion is  a  step  in  the  direction  of  prepariiij.;  lor  tin-  <,frealer  enjiineerinj:  proldenis  thai 
the  cit\'  may  soon  he  calle(|  upon  to  face.  Ilie  en;:iiieerin.i:  aiimiiiisl  rat  ion  of 
Boston  touches  every  man  and  woman  in  the  city  and  as  Mr.  Itoiirke  lla•^  a  |)iiii;.'enl 
way  of  pnttinir  thiiiirs.  and  as  there  will  he  an  opportnnif.x'  for  discussion  from  the 
door,  the  niecliiiu  will  Ix'  an  iiiiiisnall.\  interestinj?  one. 


I'rnfr.<snr  Tlniiiiits  .1.  ./(iiji/itr.  Jr..  in  charge  of  t/ir  Dc/Kirlincnl  of  (ieologif  and  Professor 
('liarlr.-<  M.  .'<]),> (ford,  llajprard  l*rofessor  of  Civil  Eniiineerimj  af  the  Massachn.'<ett.'< 
,.~^,  .     A. In.tlitnte  of   Technology  on    "'The  Costa  Rica    luirthcfnalce  of   I'Jio." 

DZ'       '        '»,.    '     Ifiinliniiton    I/<dl,     Tne.sildi/    ereninti,    December    JOth,    at    S    o'clock. 
ECEMHEK  -2(hn      ,,      ■•I  ,     I,      r  J       iv        \  I  •    1    4    ■        . 

Irolessor  .Ia,L'y:ir  and  Irofessor  >poftord  made  a  special  trij)  to 
('(Mitral  .Vmerica  la>t  slimmer  to  in\-esti!.rate  the  effectNof  the^rcat  eartlK|iiake  at 
Cartauo.  May  Uh.  which  caii.x'cj  wide>|)read  destruction  of  property  and  human 
life.  Their  purpose  was  fo  pain  information  on  earth(|nake-resistinp  construction. 
Professor  SpofTord  will  discuss  the  cflFects  of  the  earth(|uake  on  huildinps  and  show 
how  remarkably  certain  types  of  eon.struction  resisted  even  this  violent  sluK-k. 
Professor  Jairtrar  will  descrilx'  the  peolopical  causes  of  the  eartlif|uake  and  will  show 
some  remarkahle  lantern  slides.  He  will  also  descrihe  the  \olcanic  research  work 
which  the  Institute  of  Technology  is  ahout  to  undertak*-  on  the  edpe  of  the  crater  of 
Kilauea,  Hawaiian  Islands,  by  the  aid  of  the  Whitney  fund  an»l  gifts  from  friends  in 
Honolulu  and  Boston. 
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SrioiRv  CoiispccLuij 


TlIK  SOllKrV  OF  ARTS  OK  THK    MASS.UIUSKTTS    INSIITl   IK  OK   TK(  llNOLOCiV 

The  Society  of  Arts  was  oituhlisluHl  as  a  department  of  the  liistiluk-  !>>  I'lrsiiknl  Rogers  in  ISdl. 
It  is  especially  devoleil  to  the  general  dissemination  of  scientific  knowledge,  and  it  aims  to  awaken 
;ind  maintain  an  inter»\sl  in  the  nxx-nt  advances  and  practical  apjilications  of  the  sciences. 
Any  jvTson  intcreste<l  in  the  aims  of  the  Society  is  eligible  to  membership. 
The  annual  dues  are  •$;?. 

K\K(  I   riNK  (OMMKl  TKK 
HKUVHO  <  .   ^^\('LA^i{I^■,   IVsident  of  the  institute. 
TIIKOOORK  N.  VAIK  KKIHI     THOMSON 

JAMKS  V.  MINROK  KKKDKRK     II.  KAV 

(  ARROLK  \V.  DOTKX  I.  W.   KIT(  IIKIELD 

I.  W.  LITCIIKIELI).  Sccrcliiry.  Massachusetts  Inslitulc  of  T<"chnology,   Roston 


I)    K.  (OM STOCK 
-K1.<KAR   M.   crXN 


HOARD  OK  I'l  HKK  ATION 
I.  W.  UTrilFTELI).  K.lil.-r 


KMAVOOI)  R.  SPEAR 
KKWIS  K.  MOORE 


MKMHKHSIIIP     IN     THE  SOCIETY 
OF  ARTS 

The  Society  of  Art.s  is  contempo- 
raneou.s  with  tlio  Institute  itself,  having 
been  estahlishod  for  forty-nine  years. 
The  671st  meeting  of  the  society  will  be 
held  on  December  bSth,  as  indicated  else- 
where. The  object  of  the  society  is  to 
awaken  and  maintain  interest  in  the 
practical  advancement  of  the  sciences 
and  to  aid  in  their  development.  Dur- 
ing the  winter,  a  .series  of  lectures  on 
.scientific  subjects  will  be  given  by  speak- 
ers eminent  in  their  professions,  and 
discus-sions  are  invited  from  the  floor. 

These  lectures  form  part  of  the  edu- 
cational work  of  the  Institute  of  Tech- 
nology-, and  will  V>e  held  in  Huntington 
Hall,  Rogers  Building,  Boylston  Street, 
directly  opposite  Hotel  Brunswick.  Per- 
.son.s  interested  in  the  aims  of  the 
society  are  eligible  for  membership. 
The. yearly  dues  are  three  dollars,  and 
memV>ers  are  entitled  to  reserved  .seats  on 
presentation  of  membership  ticket.  These 
tickets  are  transferable.  S'o  .seats  will  be 
reserved  after  7. .5.5  on  the  evening  of  the 
lecture.  The  publication  of  the  society, 
Science  Conspectu.s  containing  an- 
nouncements of  coming  lectures  and  re- 
port.s  of  those  that  have  been  given,  will 
be  sent  regularly   to   members.      There 


will   be   fix'c   uunibiTs,    December,   .laiiu- 
ary,  February.  March  and  Ajxil. 

The  .society  desires  to  IxMiefit  I  he 
greatest  numl)er  possible  and  makes  no 
charge  for  admission  to  the  lectures. 
Every  person  for  whom  the  program 
here  i)resented  has  interest  is  cordially 
invited  to  attend.  The  work  of  the 
society  has  been  and  always  will  be  of 
great  value  to  the  people  and  to  the  in- 
terests of  Boston,  and,  as  the.se  are  the 
only  lectures  of  this  cliaracter  given  in 
the  city,  it  is  hoped  that  they  will  at- 
tract many  to  lend  their  hearty  interest 
and  supi)ort  and  thus  widen  the  influence 
and  increase  the  eflSciency  of  the  .society. 

SEMI-CENTENNIAL   OF   THE   SO- 
CIETY OF  ARTS 

The  Society  of  Arts  received  its  char- 
ter April  10,  1861,  and  arrangements 
are  now  being  made  by  the  corporation 
of  the  Institute  for  commemorating  this 
anniversary.  The  Society  of  Arts  is  co- 
ordinate with  the  Institute  anrl  at  the 
time  the  .society  was  founded,  there 
were  practically  no  books  on  engineer- 
ing subjects  printed  in  this  country. 
The  Society  of  Arts  was  one  of  the 
most  important  instruments  for  dis.sem- 
inating  information  in  regard  to  the 
arts  and  sciences  in  the  East,  and  on  its 
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li>l  (if  iiiciiiltt'rs  wtTc  ;i  hir;^'*-  miiiilit  r  of 
the  .sul»st;iiih:il  cili/fiis  of  Hu-lun.  I  )r. 
()li\('r  \Vcllilrll  lI<illll(-<  \v;iN  nil  one  of 
the  tally  iii('!iil)crslii|i  r«>ll^  wliiili  in- 
clinlctl  a  loii.^  Ii>l  of  llic  xinililic  iii\(-«li- 
jjators  of  that  liiiu'. 

Tlic  cxt'ciilix*'  coimiiittcc  clio^ni  lo 
carry  on  tlic  work  of  tlic  so<i«'l\  on 
lilt'  lifliclli  aiiiii\<'r>ar>  of  il>  liirlli  i^ 
(■oiii|)o>f(l  of  RicliartI  ('.  Maclaiiriii. 
pri'sidt'iit  of  the  I ii«.l iliifc  of  l"<<liiioIoL:y, 
'rin'odorc  N.  \ail.  Mliliii  riioiiixni,  Jaiiu'^ 
1'.  Muiirof,  (  arroll  W.  Dofni.  Krcdcric 
II.  Fay.  an.l  1.  W.  Lilclificl.l.  TIm'  iii- 
crcasi'  ill  llic  iiM'iiil><T>liip  of  (lie  Socirly 
of  .\rl»  la-^t  \<'ar  \\a>.  iifarl_\  I  went  \  per 
cent. 


lioii^  lo  rcaMiiialilr  ImiiU.  often  lo  flic 
i\l»nl  of  lirr\ify.  NN'c  shall  iiol  al- 
Iciiipl  lo  pri->cr\r  a  halancr  in  ihr 
anioiiiil  of  nialrrial  |>r('s(>iit('i|  lulufcii 
xaiioiiN  liramhrs  of  s<icii(r.  Most  '  of 
till-  articles  will  lit-  oi'i;jiiial  nialciial 
from  authorities  in  their  >pe<-ial  liii<->  of 
in\  est  i;^'al  ion.  The  |)iililicat  ion  stall'  will, 
lio\\('\er,  make  di^'ests  and  summaries 
of  inip(»rlanl  articles  as  Ilie\  may  a|)pear 
in  (  iirn-iil  puMical  ioiis.  and  we  shall  not 
hesitate  lo  reprint  any  articles  which 
may  he  <»f  pari  ieiilar  \  alnc  lo  our  rcadirs. 
The  mailer  in  S(  ii;n(  k  < '(».\si'K(  i  i  s  will 
n«»l  he  printed  simply  hecauseit  is  avail- 
ahle.  hut  will  he  carefiill\  selected,  and 
ulicre\cr  possihic  will  Ix-  aiiij)Iy  ilhis- 
1  rale.  I. 


11 1 1;  AIM  oi"  -(  ii:\(  I-;  < oNsnic- 
rrs 

Not  many  yi'ars  a^'o  a  man  might 
say,  "I  iiave  taken  all  science  to  he  in\' 
pro\ince, "  hut  the  field  has  so  uideiicfl 
duriiij,'  recent  limes  that  loda\'  it  would 
not  he  possihie  h)r  one  iiiintl  to  compass 
even  a  sinj,'le  hrandi  of  scienc<'.  .\l- 
niost  every  day  there  are  new  (jeNclo])- 
ments  in  s|)ecial  lines  of  research,  any 
one  of  which  may  lead  to  fundamental 
discoveries,  hut,  although  these  mailers 
would  hv  of  general  inh-rcst  if  the\' 
<()uld  he  understood,  their  significance 
is  often  ohscure,  e\cii  to  scientific  work- 
ers in  not  dissiiniiar  lines,  because  of 
the  rapid  changes  in  tiie  conception  of 
the  relations  of  matter,  l)ecause  of  the 
intricacy  of  ever-exjjanding  special  no- 
menclature and  hecaiise  of  the  almost 
daily  |)rogress  in  iiicIIkmIs  of  delicate 
manipulation. 

In  enlarging  the  .scope  of  the  piihli- 
eation  of  the  Society  of  Arts  it  is  our 
aim  to  give,  as  far  as  we  may  be  alile, 
a  general  survey  of  the  field  of  science 
and  its  applications  in  such  a  way  that 
every  article  will  have  sonie  ethical ional 
value  h)r  every  reader.  We  shall  stri\e 
to  descrii)e  the  most  important  current 
developments  in  the  fiehl  of  scientific 
activity  in  terms  within  the  understand- 
ing of  the  intelligent  lay  reader,  and  in 
general   we  shall   confine   the.se  descrip- 


.MMK  I.KS  K)  AI'I'I-Ai:  .-()().\ 

Tin;  liiillrlin  of  the  Society  of  Arts 
made  many  friends,  hut  as  there  seems  to 
he  a  desire  for  a  puhlicalion  of  some- 
what larger  scope,  it  has  heeii  thought 
hest  lo  change  the  name  to  Sciknck 
( 'o.Nsi'Kt  ns,  which  will  he  pul)lislied  in 
l)ecemi)er,  January,  February,  March 
and  \]ir\\  and  sent  to  each  niemher  of 
the  Sociel_\  . 

Some  of  the  articles  we  are  arranging 
for  are:  rubber  substitutes  and  substi- 
tutes h»r  rubber;  this  will  be  a  general 
article  coNcring  the  whole  subject  and 
showing  how  and  to  what  an  exttnt  the 
use  of  rubber  has  been  su|)i)lanled  by 
other  material;  th<'  present  status  of  the 
atomic  theory,  which  will  brush  u|)  the 
lay  reader's  knowledge  on  the  subject 
and  show  where  the  atomic  theory  now 
stands  in  view  of  the  new  discov<-ries  in 
the  line  of  radio-activity;  nistless  coat- 
ing for  iron,  an  article  covering  the  general 
field  and  showing  the  relative  commer- 
cial value  of  the  variotis  coverings  for 
I)rotection  from  oxidati<»n;  fourth  di- 
mension s})ace,  a  short  article  exi)lain- 
ing  what  the  fourth  dimension  is;  an 
article  on  non-Kuclidean  gcfunetry,  writ- 
ten for  those  who  would  be  interested 
to  know  what  this  theory  is.  The  Edi- 
son storage  battery  and  an  estimate  of 
its  future  value;    the  practical  results  of 
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the  puro  food  law.  >lu>\\iiii,f  tlu'  litMiuMi- 
(loiis  amount  »)f  gotxl  that  has  rrsulltvl 
fn»iii  this  hiw  and  what  it  will  o\oiilually 
accomplish;  an  article  on  the  (inonic 
m«»t«>r  for  aeroplanes,  and  other  aero- 
plane engines:  an  article  on  tlu*  field 
of  the  higher  mathematics;  earllu|Uake 
resist  inc;  const  met  ion,  the  result  of  inves- 
tiiiations  hy  Professor  Spofford  in  (\)sta 
Rica;  advances  in  electro-chemistry, 
especially  in  regard  to  electro-mctalhiriiy ; 
curiosities  of  mathematics;  chemistry  of 
e\eryday  life;  research  in  aeronautics,  as 
well  as  new  and  interest inir  developments 
connected  with  biology,  sanitary  engi- 
ntH'ring  and  preventive  medicine. 


IXTKRXAL       ("OMIU'STIOX       KX- 
(.IXi:S  FOR  LARCH  SHIPS. 

It  is  reported  that  the  Hamhurg- 
American  Line  is  building  an  S.OOO-ton 
freight  vessel,  400  feet  long,  which  is  to 
be  equipped  with  two  Diesel  engines  of 
1,500  horse  power  each.  It  is  expected 
that  the  power  will  be  sufficient  for  a 
si>eed  of  eleven  knots.  The  use  of  these 
engines  will  result  in  a  great  saving  of 
space  as  the  boilers  and  coal  bunkers 
will  l)e  omitterl.  The  space  occupied  by 
them  will  be  available  ff)r  the  storage  of 
cargo.  The  engine-room  force  will  be 
greatly  reduced,  ina.smuch  as  engineers 
and  a  few  oilers  are  all  that  will  be 
necessary. 

The  Diesel  engine  is  an  internal  com- 
bustion engine,  dejx'nfiing  for  ignition 
Uf)on  the  compressing  f)f  the  atmosphere 
in  the  cylinders  to  a  point  at  which  it  is 
sufficiently  heated  to  ignite  the  fuel,  whirh 
is  -prayed  into  the  cylinder,  'ihe  action 
under  these  circumstances  is  a  burning  of 
the  fuel,  rather  than  an  explosion  as  in 
the  ordinary-  gas  engine.  The  fuel  used 
is  a  petroleum  residue,  which  is  the 
cheaf>e-?t  grade  of  oil,  anrl  can  easily  be 
obtained  on  both  sides  <,{  the  Atlantic. 
One  of  the  principal  difficult ie>  met  lias 
^leen  the  high  pressure  necess-ary.  I'he 
Diesel  engine  has  attained  a  thermal 
efficiency  of  upwards  of  thirty  per  cent., 
which  Is  several  times  that  which  can  be 


atlaiiicd  in  a  sleani  (Miginc  of  the  best 
tyi)e.  rhen>  arc  incidental  diHicultics  in 
llu'  way  of  applying  inleriiai  combustion 
engines,  such  as  the  installation  of  auxil- 
iaries steering  gear,  aniniiniit  i(»n  hoists 
for  battleships,  etc. — which  are  not  easy 
of  solution. 

A  stationary  oil  engine  of  the  Diesel 
type  has  been  built  on  the  Continent 
which  delivers  10,000  horse  powder,  but 
it  docs  not  appear  that  any  suitable 
clutch  or  other  device  for  producing 
variations  of  speed,  or  for  reversing,  has 
yet  been  devised.  The  largest  marine 
engines  oi  this  type  hitherto  built  are  of 
.500  horse  ])ower;  so  the  great  advance 
which  it  is  proposed  to  make  may  be 
readily  appreciated. 

There  has  of  late  been  considerable 
discussion  with  regard  to  the  application 
of  the  Diesel  engine  to  battleships;  but 
the  powers  re(|uired  are  so  large  (betw'een 
thirty  and  forty  thousand  horse  power) 
as  to  make  certain  that  in  its  present 
stage  of  developiiient  the  Diesel  engine 
is  n(jt  adai)ted  for  use  in  pow'ers  of  such 
magnitude.  The  manager  of  the  firm 
in  Great  liritian  which  makes  the  Diesel 
engine  has  stated  that  he  thinks  we  shall 
not  see  battleships  propelled  by  internal 
combustion  engines  within  the  next  ten 
vears.  L.  E.  M. 


ISOLATIOX     OF     METALLIC     RA- 
DII ^f 

M.MK.  CiRiE  and  M.  Debierne  have 
succee»led  in  isolating  what  they  be- 
lie\-c  to  be  pure  metallic  radium.  The 
method  emi)loyed  was  that  of  making 
10  grams  of  mercury  the  cathofle  in  a 
small  cell  containing  a  solution  of  about 
1-10  of  a  gram  of  radium  chloride 
(RaCr-;.  They  practised  on  barium 
chloride  solutions  until  they  could  suc- 
cessfully carry  out  the  operation  with 
such  small  quantities.  The  amalgam 
thus  formed  was  quickly  transferred  in 
an  iron  boat  to  a  quartz  tube  and  most 
of  the  mercury  rlistilled  off  in  a  current 
of  specially  purified  hydrogen  gas  at 
270"  C.  The  temperature  was  then 
gradualh'  raised  to  700"  C.  when  no  more 
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mercury   cniil.l    l.r   loim.l    in    Hit-   .iirnnl  Mol  |()\     I'K    11    l{l>    Ol       I  1 1  !•;     Dl- 

of     ^as.      'I'lif     rrsi<|iic     \\;is     a     lirilliani  ( ■  |",S  I  I  \ M   ()|{(i  A  NS 
iiu>talli(*   Niil)>laiic«'   wliicli    Ix'^mm    Iu    \i>|- 

atili/r  at  this  t.>iii|HTaliir«'.  Tlic  vapnr  M"  •'  <'\n\\i.i.'>  '>!  IIm-  Man-v  Fii- 
atlacks  (|iiarl/  wliilr  lli«-  mrlal  ilMll  >titiil»',  l'aii>.  FraiMv,  lia>  n-c.-iitly  mic- 
(lr(oiii|)«.s('s  water  rapidly  and  I  urn-  ceeded  in  making'  ciuemato^'rai)!!  \-ray 
l)la<k  in  the  air  forniini;  a  e<.ni|.<)und  with  pictures  shewing'  the  pn)(<-ss  of  di^'estioii 
iiitro^'cn.  MeaMireiuents  on  the  radio-  )»'»lli  <"  ^^-'irni  and  cold  l.looded  animals, 
activity  are  in  pro;rress  and  the  n-sidfs  ''"•"•  value  of  fhe>e  results  is  olivious  as 
M)  far'  are  (|uile  in  acconl  with  what  t  Iicm-  moving'  pictures  ^'ive  us  an  act  iial 
miuhl  I.e  exp.-cled  of  iIh'  pure  melal.  view  of  I  he  inl.'Hor  working's  of  t  he  human 
Announ<enu-nl  of  the  isolation  (.f  radium  '""ly  ^i'"'  I"""'  •''<'  '""■>•  •'"'<'  |)liysi<-ians 
and  the  methods  em|)loyed  will  he  found  •i-'^''  '"'"  ■''''••  '"  -"'■  ;"'  ;d.solulely  re- 
in Compter  liriKlns.  V-.j.  I.->1  (l!)l(M,  ''•''.'''■  nproducl  K.n  <if  our  orK^iis  m 
page  .5-23.                                             i:.  H.  s.  action. 

Man>'    attempts    ha\'e    heen    made    to 

produce   tlii-   residt    hut    they   ha\«'  failed 

liciaiix-   of    the   didiculty   experienced    in 

olitainiuf^   the    l{oril;,'en   pictures   with   ex- 

M  \\.\.\V\      (  OMI'OI   \|)     |,(>(  OMO-  ,„,.,„,..  la.iin-  hut   a  small  fra<-ti<.n  of  a 

||\l!  'vccond;   also     hecause     no    suitahle    cine- 

.  niatoj^raphic   a|)paratus  was  a\  ailalilc  for 

lui       n.o.l      re.cnt      .jcvelopnicnt       u.  ,,,,„|,„.iM^Mh.'  pi<-tures. 

iH-avy    frel-ht     loc<miot.ve>    is    the    Mallet  -,',,,.    .,„i,„.,l,    ,„„l,.r   test     were    fed    will, 

articulated,  compoun.l  l..<-omolive,  whwh  .,„   ..limentarv   paste  or   with   their  usual 

consists  essentially   ol    two   separate  sets  ,•„,,,   ,„i^,.,,  ^;.i,,,    .,    ,,.,^j^   „f   hismuth   ni- 

of  wheels,  with  th.-ir  frames  ami  '•ylmders,  ,,..,,^.      ^p,,,.  ,.,.^„„^  ,,f  ,,,,.^^.  piclun-s  have 

which   are  coupled    land.Mu    l.y   a    (lexil.le  ,„.,.„    ,.i„,.|^,,|    Uv    sp.-cial    invest i^'at ions 

coupling'.      I  he  holler  i>  mu.h  lon-er  than  .i,,,,,;,,^,  ,i,.,,   ,i„;  pi,.|,„.cs  are  tru.-  photo- 

m      the  ordinary    locom<,tiye     extending  ^,^.,,,1,,   „f   ,|„.   .„.,„.,|    ,„„v,.„M-nts   of   the 

over  Loth    ram.-s  and  sets  of  wheels.        he  ,,^^,.„,^         ;^,,.       (•.,^,..,11,,     1,^,,     pro.luced 

tiihes  are  l,M..mlu'ne.l  out   somewhat     hut  ^-rav  picture,  which  are  .ai.j  to  show  the 

this  d<K-s  not    use  up  all   the  .-xtra   l.<.iler  ,,i^„.;,  j,.,.             .^^   ;„    ,,„.   „„,^,    .lin,.,,.,,!  |v 

length.      Ihe  remaining  p'Tlion  is  lit  ih/.cd  ,,„,.,;,  „,,,i  .,,iimals. 
for  a   super-healer.  aUo  for  a   feed-water 

lH'at«'r.      The   steam    is    first    u->ed    in    the  

pair    of    hijj:h-pressure    cylinder-    on     tin' 

rear    en^'iiie.     then     |)asses     to     the    low-  'j|  |j;  ST  I'.M  \  H  f  \K  AS  A  SI",  A    (■()|\(; 

pressure  cylinders  on  the  leading'  enj,Mn<',  \  |.-^v;j.| 

and  thence  is  exhaiistetl  up  the  stack. 

In    several    cases    tln'-e    en;,Mnes    ha\c  Imk     tc-t-     maile    on     the     -ulmiarine 

heen  con>tructe(|  from  old  ciiuinc-  of  the  Suliinni      during      the      -nnniK-r     have 

c«>nsolidat ion   nr  "prairie"   I.Nj)e,   hy  cut-  pla<ed    -uhmarines    on    an    ciitire|\     new 

tinji  otV  the  forward  portion.  Ien<;thenin;i  footing.        Mitherlo     tlie-e     \  c-scU     have 

the  holler,  puttiiif;  in  a  new  section  con-  heen  looke<l  upon  as  u-cfui  only  to  assist 

sistin^  of  a  new  front   end  for  the  hoiier  in     defending,'    harhor-    and     their    \alue 

and  a   new  set   of  wheels  in   front   of  the  has    heen    mainl.v    due    to    their    "moral 

original  set.  and  couplin<,'  them  together.  effect."      The    reconl    hreaking   cruise   of 

These  engines  are  very  eeonomital  for  the    Salnidn     wa>     from     (^uiiicy,    Mass., 

heavy,  slow  freight   servic«',  hut   from  an  to      Hermuda       and       return.      cf)vering 

operating  standpoint    are   not    altogether  ]..'>][     mile-,     a     di-tance     never     Ix-fore 

successful      for      fast.      high-gra<le      mer-  attempted   hy  a   -uhmarine.      During  the 

ehandise.      A    few    engines    of    this    type  trip  verv  heavy  weather  was  experienced 

have  heen  used  for  passenger  service  on  and  for  three  (|uarters  of  the  time  of  the 

mountain  roads.                            l.   k.  m.  outgoing  run,  the  ve.s.sel  prcK-eeded  under 
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one  engine.  The  boat  was  coinforlalilo 
throughout  the  trip  although  she  oarriod 
passengers  in  excess  of  lier  crew.  The 
ventilation  of  the  boat  was  satisfactory. 
The  Salmon  is  l.'U  l-'i  feet  long  by 
15  feet  in  diameter.  On  her  official  sur- 
face speixl  trials  she  made  IS.'io  knots. 
In  diving,  water  is  admitted  to  the  bal- 
last tanks  and  then  a  slight  depression 
of  the  diving  ru«ldor  causes  the  boat  to 
dive  at  an  angle  of  inclination  of  from  one 
to  two  and  one  half  degrees  until  the 
required  depth  of  fifteen  feet  is  reached 
when  the  hull  is  submerged  and  nothing 
but  the  periscopes  are  visible.  The 
Salmon  has  eflfected  a  quick  dive  at 
full  speed  of  IS.'io  knots  in  three  minutes 
and  twentv-two  seconds. 


AKRUXAITK  SIX  liJlO. 

The  year  1910  has  been  an  important 
one  in  the  field  of  aeronautics  especially 
in  America.  There  has  been  compara- 
tively little  advance  in  the  dirigible 
balloon,  the  most  notable  event  being  the 
flight  of  Wellman,  which  added  nothing 
of  any  value  to  the  art.  As  a  matter  of 
fact,  Wellman's  device  was  not  a  dirigible 
balloon  as  it  was  tied  to  a  float.  A  small 
boat  might  have  been  used  as  a  drag  in- 
stead of  the  wooden  blocks  at  the  end  of 
the  so-called  equilibrator,  and  indeed,  it 
is  a  question  whether  he  would  not  have 
made  a  better  showing  if  he  had  used  a 
boat  having  a  motor  })ropelled  screw, 
attached  to  the  end  of  the  equilibrator, 
the  motor  being  operated  by  the  engines 
in  the  balloon. 

The  art  of  building  and  manipulating 
aSroplanes  was  greatly  advanced  during 
the  year  and  it  is  safe  to  say  that  the  les- 
sons of  this  prolific  periorl  will  have  a 
marked  effect  in  greatly  widening  the 
scope  of  the  art  during  the  year  to  come. 
The  culminating  event  of  the  .season  was 
the  Belmont  Park  meet  which  was  full 
of  notable  achievements  of  the  world's 


best  aviators.  This  meet  showed  beyond 
much  (piestion  that  the  speed  limit  of 
aeroplanes  has  been  j)raclically  reached. 
This  was  shown  by  the  injuries  to  the 
100  11.  P.  Bleroits  oV  Grahame-White  and 
LelJlanc,  and  the  8-cylinder  Wright. 
These  racing  machines  had  small  wing 
surface  and  for  this  reason  it  was  hard  to 
start  them  in  flight  and  still  more  dif- 
ficult to  alight  safely.  Higher  speeds  would 
require  still  snialicr  wing  surface  making 
the  process  of  aligliling,  which  would 
have  to  be  done  at  high  speed,  extremely 
dangerous. 

The  speed  trials  were  the  most  sensa- 
tional events  of  the  meet,  but  no  one  who 
has  seen  the  Wright  bi-planes  in  the  air 
can  helj)  being  imj)ressed  with  their 
steadiness  and  the  security  they  seem  to 
offer.  In  the  development  of  this  type 
of  air  craft,  which  can  apparently  be 
manipulated  with  almost  the  ease  of  a 
sail  boat,  there  .seems  to  be  something 
really  substantial  on  which  to  build  for 
the  future.  It  is  likely  that  the  bi-plane 
will  still  further  be  developed  on  the  lines 
of  stability  and  ease  of  mani]>ulation 
during  the  coming  year. 

Two  important  features  in  which  Amer- 
ica is  markedly  bcliinfl  Europe,  are  the 
engines  and  thoroughness  in  construc- 
tion. So  much  interest  is  manifested  in 
the  Gnome  engine  that  it  will  be  de- 
scribed in  a  future  number  of  Science 
Conspectus. 
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Tlie  Cunard  Steam.ship  Company  is 
about  to  build  an  ocean  liner  88.5  feet 
long  with  a  total  displacement  of  45,000 
tons.  She  is  expected  to  make  a  speed 
of  2.3  knots  and  will  carry  .'37.000  pas- 
.sengers.  The  vessel  will  be  propelled 
by  steam  turbines  and  will  be  provided 
with  a  theatre,  swimming  [)ool  and  i)riiit- 
ing  plant  from  wliicli  will  be  issued  a  daily 
newspaper.    She  will  cost  $10,000,000. 
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TllK    KAKTIK^JIAKK    IN    COSTA    KICA 

1 1:(  ii.\()i.()(.\    i:\n;i)iii()\    >ri  i)ii:s   \()i 

CANIC    AM)    i;\IM  11(^1  Aki:    (  ()M)HI()\>    IN 

cKNTnAi.  \Mi:i{i<  A    i.i;( n  i{i;  hkioki:  iiii; 
M)(  ii;iA  oi'  AIMS.  i)i;(  i:mhi;k  -joth 

in    r.  A   .)  \<.<.  \i{.  .IK. 

Hv     iii\iliit  inn     of     the     I  iiiti'd     |-"iuil  doiK-    liv     llic    l:<i\  (■riiiiifut     in    ciitorciiiif 

Coinpaiiy.     I*n»f«'>^(tr    Sjxillord    :iii<l     llic  ciil  li(|ii;ikf  -  piool'       (■()ii>l  nicl  ion.      wjtc 

writtT     K'ft     N<'\v     Orleans,     May     -iHli,  cntcrlaint'd     l)\    tin-  oHicial    in>p('<lor  of 

arrivinj,' ill  Linion,  (  osta  Rica.  May  .'{Otli,  l)uil<lin,us,  Mr.  Arthur  llcrsclicl.  an«l  llicn 

wluTc  \v<'  were  lios|)ilal»ly  entertained  l\v  returned     directly     tt»     Motion     l>y     sea. 

ollieials  of  tlie  frnil  company.     'I'lie  next  arrixin^^  home  July  I  Ith. 

<h»y    the    party    traveU'd    l)y    railway    to  llie    oKjects    of    tlii>    ^chcihile     were: 

San    Jose,    the   capital,    passing;    ("arta^io  l*"ir>l.  to  ^ludy  the  r\u\\>  of  ('arta;:o  and 

on  the  way.     The  itinerary  of  the  expe-  the  \(»lc;inoe>  of  ('osta   I{ic;i;    second,  to 

<lition  involved  a  stay  in  the  \icinity  of  examine    the    eartlKpiake    and     \o|enno- 

(artauo    anion^    the    hijjh    \"olcanoe^    of  di>a»ler  record^  of  (inatemala  and  learn 

Costa  Rica  from  May  Slst  to  Jniie  KMli.  iiow    the    mctliod>   of  coiiNlrnctioii    there 

On  .lune   lltii  wi'  returned  northward  in  conipari-     uilli     tlio>e     of     ('o««ta      Rica; 

the  CariKliean  S«'a  hy  way  of  the  >team-  lliird.  to  see  as  nmcli  a^  |)os>.il»le  of  the 

er    of     the     I  nit<'d     Krnit     Company    to  remainder  of  Central  America  and  Jamaica 

Barrios,  (iualtMiiala.  arrixinj;  June   l.'5lli.  with  a  \  iew   to   the   eartlupiake   (piestion. 

We  then  proeeetled  l>y  rail  to  (inatemala  The  harhor  of  Limon  on  the  Carihhean 

City  atnon^  the  liij,'h   plateaus  and   \ol-  (oa^t   of  Costa  Riea  i.s  situated  within  a 

canoes  of  the  interior  «>f  Central  .\ineriea  liroad   coastal   plain   which  extends  from 

and  remained  there  until  June  l!Mh.     On  Co^la     Rica    northward    through    Xiear- 

that    date    we    proceed<'d    to    the    Pacific  ajiua.     The  San  Juan  ri\«T  in  Nicaraj^ua, 

coast    of   (iuatt'inala   anil   took   a    Pacific  site    of     the     formerly     proposed     canal, 

mail    steamer    for     Panama     whi<h     was  flows  across  this  plain.     'I'he  j)lain  is  an 

reached  June  "-^Tlh.      We  remained  in  the  upraised     Carihlieaii     sea-hottom     which 

canal    zone,    most     hospitably    cared    for  ha^    liccn    -lowly    risin^^   for   several   f,'co- 

by  the  officials  of  the  canal,  until  July  lo^'ic  epochs.     Rack  of  this  plain  to  the 

1st.  when  we  sailed  from  Colon  on  the  southwest     lies    the    mountain    wall    of 

Atlantic    side    f<ir    Kinjiston,     Jamaica.  Costa   Rica,  alonj:  the    lK)rder  of  which 

arriviuii    there     July     '5d.       We     stayed  the    ancient     Caribbean    coast     formerly 

long    em)Uiih    in     Kingston    to    see    the  lay.      This  mountain  wall  is  made  up  of 

remarkable    work    which    is    there   being  .several  ranges  of  peaks  consisting  partly 
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Map  of  Southern  Part  of  Central  America 


f)f  old  rocks  sufh  as  granite,  ami  |t;irfly 
ftf  volranic  ejccta,  especially  in  I  lie 
northern  part.  The  mountain  line  I  rends 
northwest  and  southeast,  and  (h-c])  \al- 
leys  have  been  trenclied  within  it.  drain- 
ing off  its  al)undant  rainfall  toward  the 
Atlantic  on  the  one  side,  and  the  J'aeifie 
on  the  other.  Cartago  and  San  Jose, 
at  elevations  between  4,000  anfl  .5,000 
feet  a^Kjve  sea-level,  lie  in  liroad  upland 
basiijs  in  the  heart  of  this  mountain  dis- 
trict, where  the  climate  is  that  of  a  i)er- 
f>etual  springtime  and  where  crops  of  the 
temp^-rate  zone  are  raised.  From  Car- 
tago northward  the  mountains  are  gigan- 
tic volcanoes  rising  to  heights  of  from 
8,0fX)  to  11,000  feet  and  showing  vari- 
ous stages  of  dying  activity.  The  great 
volcanoes  lie  in  lines,  and  the  lines  are 
the  .surface  expression  of  underlying  deej) 
rifts  in  the  crust  of  the  earth  whicli  for 
ages  have  given  vent  to  sand  and  rock- 
fragments  and  liquifl  lavas  so  as  to  hiiild 
huge  cones  and  craters.     The  fact   that 


Cjirlago  lies  jusl  on  the  soul  licaslcni 
terminus  of  these  volcanic  rifts  is  of 
interest  to  sfudciits  of  the  eartlu|uakes 
there.  It  is  no  new  thing  for  Cartago 
to  suffer  hy  cart li(|Uak<'.  In  1<SH  it  was 
totally  destroyed,  and  on  May  4,  1!)10, 
its  destruction  was  rej)eated. 

Thanks  to  I  lie  interest  of  President 
Jimenez  in  our  work,  and  the  untiring 
devotion  and  energy  of  Don  Anastasio 
Alfaro,  director  of  the  museum  at  San 
Jose,  we  were  able  to  send  out  circulars 
through  the  government  to  officials 
thr()ughout  Costa  Rica,  asking  for 
answers  to  certain  definite  (juestions 
designefl  to  determine  the  intensity  of 
the  earth(juake  in  different  places.  The 
answers  to  these  circulars  have  made  it 
possiMc  to  map  the  earthquake  })y  /ones, 
numbered  according  to  what  is  known  as 
the  Rossi-Korel  scale  of  eartlif|uake 
intensifies.  The  rujmbers  are  graded 
from  one  to  ten,  Xo.  1  })eing  a  shock  so 
weak  that  it  is  j>crcei\-ed  rtiily  by  iiistru- 
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mriil>,  ;in«l  NO.  1(1  -mi  nIi-oiiu  iIuI  it 
ovrrtiiniN  locks,  m.iko  liNNiin-x  in  the 
j^roiiinl.  ;iM<l  llin»\\>  down  cncii  wdndcii 
huililiii^'x.  riic    >li(»ck    ill    ('n-.|;i    Hic.i 

\\;iN  iKiwIuTr  Ntroiif^rr  tliaii  No.  I*,  wliicli 
WiiN  111*'  iiil«'iisit y  ;if  ("artii^'o,  wlicrr  l>ri(k 
:iii<i  adohr  wt-n-  flirowii  down,  and  >onn' 
woodt'ii  l)iiildili^'>  w  rciK-lird  oiil  ul'  •^liapc. 
Tlir  diNt  riliiit  ion  of  iiitrn-«il  ic>  in  ('<»>«la 
Hica  iiidi(ali'>  an  even  dyiiii:  away  of 
tilt*  force  of  tlir  sliock  oil 
tlie  CariMican  sid«>  as  the 
«'artli-wa\('  Iraxcrscd  the 
coastal  plain,  like  the  rip- 
ples in  a  pool  of  water 
dislnrl)e«l  l»y  tin-  pla>li  of  ;> 
pel>l)le.  On  the  Pacific  ^idc. 
li(»wever,  where  the  inomi- 
taiii  rank's  are,  and  particu- 
larly iiorl  Invest  wan!  aloiiji 
the  repeatecl  step-like  vol- 
cano line>  the  wa\'e  wa->  ol>- 
st  nictt'il  and  nio\-ed  f  liroii;.'li 
the  j^round,  from  (artatro 
as  a  center,  more  irrejiidarly . 
The  f^reat  volcano  Irazu, 
twelve  miles  north  of  Car- 
ta^o,  app<"ar>  to  lie  on  the 
corner  of  an  immense  Mock 
of  the  earth's  cnisf ,  and  this 
corner  was  the  earlh<|nake  cent<'r.  Aroiin<l 
Ira/n  and  three  nei^'hliorini;  volcanoes 
the  disaster  focussed.  The  earth-waves 
U)st  intensity  about  thirty  miles  to  the 
westward,  revived  ahout  it  second  f^roni) 
of  volcanoes  still  farther  west.  I)nt  with 
jireatly  diminishecl  force,  and  faintly 
revived  airain  ahoiit  a  third  uroiip  of 
volcanoes  fifty  miles  farther  in  a  north- 
westerly direction.  These  facts  can  he 
interpreted  possilily  as  meaninj,'  that   all 


of  llicsc  NojcaiHics  lie  aloli;/  a  /Ail/.n^ 
Tract  lire  line  uilli  lia/ii  near  the  soiilh- 
ea-l<-rii    end    of    IJic    fraitnre.  Siiijdcii 

release  (if  some  aicil  liiil  la  I  ill;,'  criislal 
slr<'ss  at  the  Ira/ii  corner  inaile  a  tcrriltle 
jar  in  that  immediate  \  icinits'.  and  siniilar 
jars  on  a  diminishing  scale  look  place 
at  oilier  coniers  imrt  hwest  ward.  (  ar- 
lau'o  and  I'araiso  received  Ihi-  Itriinl  of 
the   sjiock.        'i'he  direction   of   motion   of 


Sjuila  M;iri:i  \  iiltiiiio,  (jiiiilriiiaia 

olijccts  displaced  in  these  and  other 
jilaccs  slio\\>  when  plaltc(|  on  a  niaj)  a 
marked  accordance  with  the  \olcaiM) 
lines. 

DiiriiiL'  oiir  \isif,  we  foinifi  time  to 
clinil)  Ira/w  an<l  foas  volcanoes,  and 
pictures  of  their  craters  arc  here  re[)ro- 
duced.  Irazn  showed  no  volcanic  activ- 
ity sympathetic  with  the  eartlujuake, 
l)iit  I'oas  hroke  into  eriii)tion  on  Janu- 
ary  "2.3,    1!)10,  scattering.'  ashes  and   mud 
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CrattT  of   I'oMs  Nolcaiio.  Costa  Rica 


over  the  ct)iiiilrv.  riii>  cniplioii  \v;i> 
the  first  >i^n  oi  niovemeiil  on  the  \()1- 
eanie  fracture.  It  was  followed  April 
18th  by  a  strong  earth(|iiake,  the  first 
of  its  kiiifl  in  some  years,  which  «lama<ie(l 
San  Jose  more  severely  than  Cartago. 
The  shock  came  shortly  after  niidni^'ht. 
and  for  two  weeks  thereafter  rich  and 
p<H)r  ahke  became  refugees  from  their 
ma>r»nry  dwellings  anfl  campcfl  in  open 
shacks  and  tents.  During  this  period 
thei'e  were  innumerable  aftcr-sliocks. 
and  the  earth  was  clearly  in  a  state  of 
great  unrest.  The  center  of  the  April 
13th  shock  wa.s  somewhere  to  the  south- 
east of  San  Jose  and  to  the  west  of 
Cartago.  On  May  4th  about  7  o'clock 
in  the  evening,  the  great  earthquake 
came  which  demolished  Cartago.  It 
"Was  compounded  of  movements  at  first 
vertical,  then  mostly  from  the  east,  so 
that   walls  and  fence-posts  and   statues 


and  iiioiiiiiii('iit>  were  displaced,  or  fell 
o\cr.  toward  the  east.  .\t  I'araiso,  two 
or  three  miles  east  of  Cartago,  the  later 
iiio\ciiient  was  more  to  the  northward. 
As  there  is  one  \-olcanic  line  connect- 
ing the  volcanoes  Irazn  and  Turrialba 
which  trends  northeast  and  amtther 
from  Irazu  northwestward,  and  these 
two  cities  lie  just  at  the  corner,  there  is 
prf)bal»ly  innch  significance  in  the 
observed  directions  of  motion  al)o\'e 
mentioned. 

The  time  of  the  eartlupiake  was  7.31 
I'.  M.  1>\-  our  eastern  standard  time,  and 
its  rluration  16  seconds.  A  simple  type 
of  seismograph  consisting  of  an  inverted 
penrlulum  which  writes  with  a  fpiill  on 
a  smoked  [>late,  is  maintained  at  the 
Meteorologic-al  Observatory  in  San  Jos6. 
I  ha\e  rei)roduced  a  copy  of  the  earth 
autograph  which  was  made  by  thi.s 
instrument   April    l.Sth.        .\s   the  waves 
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("rat<T<if   Iriizii.  ('osla  Hira 

.sprcail  uiil  I  liniiiu'lioiil  (UnIm  |{ii;i.  ('n>s|;i  Kici  I  he  dind  iniis  n-cnnird  ,irc 
«»I)Jc(In  ucrr  <liN|)l;i(r(l  aloii;,'  liiu'>  iiio>ll_\'  t()\\:iri|  llic  xtiil  liwcsl ,  ;iii<i  in 
cliicfly    i;i«li;il   ;i\v;iy    Inmi    Ilic  ct-iilcr.   <tr      CMslcrii    ('(isl.i     Hun    ((tuard    (lie    inirlli- 

(';is(.  Almost  ;ill  the  ul»srr\«Ts  lirnnl  ;i 
Niihlrrraiu'.iii  ii<»is«'  wliich  was  n'lxirlcd 
\  Jirinusly  as  soiiiidiii;,'  like  Ihr  passable 
nf  a  train  tliroii^'li  a  liimirl,  ov  like  llic 
nis|i  of  a  jircat  sticim  of  walcr.  or  likr 
a  ini^lit\'  wind,  or  a  |nolon^cd  tliundcr- 
<la|>.  llic  S[)anisli  iiaiiic  for  tlicsc  cartli- 
(piakc  niinWIin^s  is  rrhniihos.  and  tlirsc 
ntiiinliDs  arc  familiar  liappciiiiiLTs  in 
•?'^lJ-<^'*'-'^      i'^-     ^  '''^N.  central    Costa    Kica.       A    curious   coinci- 

'/  il'fM    }•  y        /f  "^oc.  rjcncc  immcdiat«'ly   after   tlic  carlli<|Uakc 

was  an  Miiiisnally  liri;.dit   meteor  oli^eiNcd 
l>y  iiiaiix'  person^. 

'Ijicrc  were  no  coiispi(  nons  <icol<»;:iral 
etVccts.  sHcli  as  rents  in  tlie  j_'ronnd  or 
IrcmcndoMs  landslides.  'Iliis  fact  licl|)s 
(o  corrohorate  the  sii|i|>osilion  that  the 
main  rift  in  the  j,Moiind  which  was  rcspoii- 
sil)le  for  these  (piakes  is  the  hiiK<'  fracture 
wjiich  underlies  the  V(»lcaiioes.  Imf  is 
in\isil)le    at    the    surface.  In    marked 

in  directions  at  riuhf  anj,'les  to  the  fren<l  contrast  to  what  liapp<'ned  in  San  Kran- 
of    the    j^'reaf    rift,    that     is,    in     western      cisco  in  l!»(l(»,  it  is  noteworthy  that  n«-it her 


N-i>ini>^'raiii  niadr  at  ()l»MT\at«»rv,  S.  Josc, 
.\|>ril  laih.  1!H() 
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the  railway  nor  sewers  iKir  I  lie  water 
conduits  of  Carta^o  were  injure<l  or 
twiste.l.  No  very  important  changes  in 
the  (Irainajze  were  notice.!,  though  some 
warm  springs  were  said  to  he  hotter 
than  usual,  anfl  some  si)rinf^s  r(\i\<.l 
and  others  eeased  running  at  about  the 
time  of  the  disaster.  The  officials  of  the 
Uniterl  fruit  Company  told  us  that  the 
rainfall  on  the  .Vtlantie  slope  of  Costa 
Rica  was  excessive  «lurinf,'  the  four 
months  which  preceded  the  earthfjuake. 
I  have  reproduced  three  pictures  illus- 
trating the  volcanic-  lands  of  (iuatemala 
which  are  of  interest  hy  way  of  compari- 
son with  Costa  Rica.  One  of  these 
shows  the  ancient  capital,  Antigua, 
which  lies  ver>'  near  to  the  great  Fuji- 
yama of  Guatemala,  the  volcano  Agua, 
one  of  the  most  beautiful  cf>nes  in  the 
world.  Antigua    was    destroyed     b\- 


e;irl  iKjiiake  ill  177.'}.  and  llie  eii|)it;d 
was  thereafter  officially  removed  to  the 
site  of  (Guatemala  City.  This  site  is 
l)elie\('d  to  be  safer,  and  is  somewhat 
more  remote  from  the  hue  ol  (iiiatemalan 
\()leaiioes.  In  (iuatemala,  as  in  ("osta 
Hica,  the  volcanoes  lie  in  very  marked 
lines  and  in  lOO'^  Guatemala  learned 
that  cones  which  are  supj)osedly  extinct 
may  suddenly  awake  with  dire  results. 
Thi-  volcano,'  Santa  Maria,  l'sJ,()()()  feet 
high,  suddenly  Ix'came  active  Octo})er 
"24,  MHH,  and  the  whole  side  of  the  moun- 
tain was  blown  out,  producing  days 
and  nights  of  flarkness  over  hundreds 
of  s(|uare  miles,  while  dense  clouds  of 
ash  and  stones  fell  upon  the  country, 
and  destroyed  villages  and  coffee  y)lan- 
tations.  The  erui)tion  was  one  of  the 
greatest  in  history,  but  the  world  at  that 
time   was    weary   of   hearing   about   vol- 
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Iti-fiip-c^  ( ';im|)irii,'  in  tin-  Oprii 

<-;iin>t'^.  DwiiiL,'  to  tli<'  <lf>t  met  iiiii  nl 
Saint  I'irrrc  uliidi  li:i|)i)ciif(|  the  i)ii- 
<Ttlin<,'  spriiiu.  Tlir  Santa  Maria  <\|)l<i- 
sion  was  iiiaiiy  tiiiio  ^rcatrr  than  tlir 
vniptinn  of  Moiitil  IV-lrc  l)iil  only  MX) 
or  .>()()  pfuplr  were  killtMl.  a^  llirn-  \\a^ 
no  irrcat  city  in  tlic  line  of  lire. 

In  conclusion  it  may  interest  tlic  rcad- 
«'r>  of  this  nia<ia/inc  to  know  tlial  lix" 
l)e|)artinent  of  (i«M)|u<,'y  of  t  lie  In>litnlc 
was  enriched  in  .Inly,  1!>1(»,  li\  a  </\H  nl 
•S'2.>, (•()()  for  ireophysical  re- 
search from  the  estate  of  Kd- 
ward  and  (arolinc  Hoirers 
NNliilney.  Il  i>  >|tc(ilicd 
in  the  dei-d  of  u'ifl  that  the 
work  carried  (Uit  with  the 
income  of  this  endowment 
shall  lia\f  a  lu'arin;,' on  the 
protection  of  Iniman  lite 
and  property.  The  tirsi 
work  which  will  he  done 
l»y  the  Institute  under  thi^ 
ondowinent  will  l)e  in  that 
ideal  field  of  s(>isuio- volcanic 
research,  the  t<'rritory  of 
Hawaii.  For  some  years 
j)ast.  Institute  yeoloixisls 
have  heen  interested  in  this 
H(>ld.  as  tlie  crater  of  Kil- 
auea  is  a  i)lace  of  practi- 
cally continuous  activity  of 
lioilius;    lava,    which    there 


has     ^reat      li<|uidil,\'.    and 

ran'ly      «'\plodes      in      any 

dan;,'en»Us    way.      The  \i»l- 

eaiio    Mouse  on   the  edp-   of 

lliis   crater   is    \isited    con- 

I  imially  liy  tourist  s  and  t  he 

climate  is  cool  and  invi^or- 

aliii;:.         .\     day's    journey 

away   l»y    s|c;iiiicr   is  Iloiio- 

lulii,  a  center  of  wi-alt  h  and 

enterprise.     The    .\meri<an 

residents  in  the   Islan<|s  are 

much  interes|c«|  in  thescirn- 

lilic    shidy    of    their   \o|ca- 

lioes.     :nid    ha\'e   olVen-fl    to 

siiKsciiiic    a     lar^e    sum    of 

moncN',  and   ^i\'<*  land   and 

every     assistance      to      the 

iusl  il  nle  if  \\i\  ill  addil  ion 

to      lli<-     resources      of      the 

NVhitiK'y     FuikI,     will    send 

a  salaried  oflic<'r  to  reside  at 

IIm'   |)ropns(i|   \(ilean»»  experiment  station 

and    hecoiiie    its    superintendent.  The 

(a  metric  Instilutictii  (»f  \\asliin;fton    and 

the   I  iiiled  Slates  Weather  liureau  have 

a^'rc<'d    In    cooperate    with    the    work    of 

this    station,    and    an    olTwer    from    the 

(i<'oloj,'ical    I  )e|)art  mciil   will,  il    is   hoped, 

soon   p)   to   Hawaii   and    si.irl    the   w«)rk. 

In    order    to    heiiefil     l)y    IJic    si|I  )^cript  ioii 

of     llic     iionolulii     itusiricsN   lucii.   which 

amoiiiils     Id    .s:."),()()(|    |HT   aiiiMim     for    (i\-e 


r 


Kiiin: 


of   Antigiia.  tin-  old  capitiil  of  Guatemala, 
destroyed  by  Earthquake  in  1773 
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\t;ii>.  all  that  is  now  nooilod  is  a  liko 
suhscription  from  Rostonians  of  at  K'ast 
••<•:?. 000  JUT  annum  for  fivo  years,  to  pay 
tlio  salary  of  the  snptM-intondiMit  wjiom 
wo  shall  stMul  out. 

It  is  to  l>o  hoped  that  llii>  money  ran 
1h»  raistnl.  The  Institute  has  an  oppor- 
tunity in  this  Hawaiian  tield  to  investi- 
gate the  most  fundamental  processes 
which  iiovcrn  the  earth  that  we  live 
upon.  These    invest itrat ions    Iiaxc    a 
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Af^ia  \i)\vHno,  Guulemulu 

humane  object.  Studies  f)f  the  tempera- 
ture and  viscosity  of  lifpiid  lava,  of  vol- 
canic -gases,  of  lf)cal  earthcjuakes,  of 
undergrf)unri  sounds,  of  the  relation  of 
all  these  things  to  the  great  tidal  stresses 
which  are  ineessantly  [jassing  through  the 
earth,  may  he  mafle  in  Hawaii,  using  those 
wonderful  volcanic  orifices  as  a  scientific 
laborator>-,  the  like  of  which  exists  nowhere 
else  on  earth.  It  is  apjjropriate  that  a 
great  engineering  school  should  deal 
with   fundamental    studies  of   the   earth 


and  its  processes.  Kngineers  are  for- 
e\er  struggling  with  the  earth  and  its 
l)roeesses  when  I  hey  build  houses,  cnl- 
xcrts.  dams  and  bridges.  San  Francisco 
and  Messina  ha\-e  taiiiihl  us  the  lesson. 
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Tni-;  new  substance  called  "Hakelile" 
which  is  now  being  introduced  into  the 
arts  otiers  the  advantages  of  hard  rubber, 
.Iaj)ane.se  laccpier  and  celluloid  and  in 
many  res])ects  is  snix-rior  to  these  sub- 
stances. It  is  not  a  compound  or  mix- 
ture of  rubber  or  resinous  materials,  but 
is  a  well-defined  chemical  substance  made 
from  carbolic  acid  and  formaldehyde,  and 
was  in\ented  by  Dr.  L.  11.  Baekeland 
of  "i'onkers,  X.  '^'.,  the  inventor  of  "Velox" 
and  other  gaslight  ])h<)tographic  papers. 
The  synthesis  of  "Bakelite"  is  analagous 
to  the  operation  that  goes  on  in  the  Jap- 
anese lacquer  tree  in  producing  lactpier. 
This  new  artificial  material  will  to  some 
extent  take  the  place  of  lac(|ucr  and  can 
be  made  at  a  reasonable  price. 

The  most  peculiar  ])liysieal  character- 
istic of  "Hakelite"  is,  that  it  aj)pears  in 
three  forms,  each  of  which  has  very  dif- 
ferent proj)erties  and  can  be  used  for 
difi'erent  purposes.  The  first  form  known 
as  "A"  may  be  in  a  liquid,  pasty, 
or  solid  condition;  it  is  soluble  in  alco- 
hol, acetone  or  caustic  soda  and  behaves 
as  a  true  resiji.  When  heated  to  a  high 
tenifx-rature,  it  changes  into  "JJakelile 
li""  which  will  not  dissolve  in  the  sol- 
vents mentioned  above,  although  j)henol 
or  acetone  may  soften  it  or  swell  it.  It 
is  infusible  but  softens  slightly  under  the 
infiuence  of  heat.  "C  "is  the  final  prod- 
uct resulting  from  the  heating  of  *'Ii." 
It  is  no  longer  a  resin  although  j)hysically 
it  resembles  amber.  It  has  neither  taste 
nor  odor.  It  is  insf)luble  in  all  solvents 
and  can  withstand  strong  chemicals,  oil, 
or  water,  steam,  etc.  It  is  stronger  and 
harder  than  celluloid  or  hard  rubber,  but 
is  not  as  flexible.  It  is  burned  with 
great  difficulty.  It  has  many  important 
uses.  The  chemical  name  for  "liakelite" 
is  oxy  benzyl  met  hylenglycolanhydride. 
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Tin;  I  n'iii('inluiis  1(1^^  oi   iil'c  ami  prnp-  dcstntycil.        Il      i-,     I  luiftorc.     i--(iit  iaj 

rit  \     ill    llif    last    (Iccaijf    l>y    t-art  li<|iiak«'  llial      special      piccaiil  i(»ii^     In-     takrn    a! 

>li«t(k  ami  \()lcaiiic  «MMipt  ion  lias  >l  rikiii^ly  such      cities     as     arc      located      at       the 

(lemniist rated     that     ei\  ili/alioii    has   still  d.iiiuer    spots    of    the    wurld.    to    prevent 

iiMich  to  fear  Iroiii  the  tnrccs  ot' nature;  aiKJ  future    destruction.      In     (iaKeslcui     and 

has  shown  the  scientist   that   in  the  study  Holland    sea    wails    ami    riykcs    are    iiec- 

of    tiu'sf-    pheiioinena    there    exists    a    ter-  essar\',     Imt      in       KiiiL'stoii,     Valparaiso, 

tile    field    for    work    in     the    iiiteres|>    of  San     l-'rancisco.      Mcs^^ina     and     ("arta;i<) 

humanity.       The  carth(|Uake  proMeni.  as  special    forms    of    coiisliictioii    will    aloiic 

it    |)res«'nts    itself    to    the    scieiitilic    man.  .M-complish  the  result. 

has   fwtt  distinct    phases      preclictioii   and  I'lie     <'nt;ineerinj;     (|iieslion,     li(»wc\-er. 

pre\-ention      pretiictioii    of    the    |>rolial)lc  is    not     iiM-rely    that     of    determining,'    an 

location     and     time    of    occurrence,     and  cart  iKiuake-resist  in^     t\pe    of     coiisfriic- 

|)re\'entioii    of    los>    of    lilV    and    pro|)erty  tioii,  since    this     i^  a     prolih-m     which     in 

(hiring'  oc<-urrence.     'I'he   sohilion   of   the  itself  presents  no  scrioiis  diflicully.      Tlie 

foriiuT  |)r<»l»lem  must  lie  acccoinplished  l)y  ocean     traxclcr     who     rides     with    .*<Jif(*ty 

the  <ieolo^Mst,   with   the  assistiince  of  the  over   ;:reat    seas    in    the    ^i^antic    Mitiirr- 

physicist,    the  chemist,   and   |)ossil)ly    the  Imiid  lra\els  in  a  structure  which  woiihl 

as! roiioiiH'r:  of  the  lat  ter.  Ity  the  en;iiiieer.  he   as   safe    in    time   of   earlli(|Uake   as    in 

'I'lie  crystallization  of  t  he  results  ohtaiiied  time    (tf    storm.       riie    steel-frame    huiid- 

l)y    the    ^'eoloL.Mst    arid    the    eiiLriiicer    re-  in;^  of  lower    Hroadway.  toimiled   on  solid 

<|uires    furtlM-rmore    the     cooperation    of  rock      and       ri\'eted      securely      lo|_'etlier. 

the    lawmaker    and    of    the    ca|)ilalist.    in  would  lie  e(|ually  safe  if  walU.  floors  and 

tinier  that    they   may  lie  made  of  advaii-  partitions  were  to  he  made  of  iron  plates 

tam*  to  the  world  at  lar^^e.  as  in   the  shi|).      As   in  other  enj:ine<'rin^ 

It   is  the  purpose  «ir  this  paper  to  pre-  (|uestions.    <'conomy     must     also    play    a 

.sent    the  suhjecl    from   the  standpoint    of  leadini:  jiarl  in  the  solution.      It   is  neces- 

the     ent,'iiiecr      to     slate     the     (|Uesfions  sar\'  not   <inly  to  Imild  securely.  Imt   also 

involved        and    to   |>ics(iit    such   coimIii-  with  due  rej.rard  to  economy  of  coiisfruc- 

sions  as  it    may  se«'m  jiislifiaMe  t<i  draw  tioii.    to    the   customs   and    tastes   of   the 

from    the    results    of    the    earth(|Uake    of  people,    and    to    the    natural    resourc<vs   of 

la.st    May.    which    (h'stroyed,    with    j^reat  the    country.      It     is.    howcxer.    imt     t  he 

lo.ss    of    life    and    jiroperty.    the    city    of  purpose   <if    this    pajier    to   enter    upon    a 

Carlago,  ('«)sta  Kica.  discussion    of    (|uestioiis    «.ucli    as    lhe.se. 

Human    action    is    j^overned    \>y    many  which    can    lie    solved    only    for    specifie 

conflictini:     influences.      A    study    of    his-  cases,   for  which   deHnit«-  data   are  avail- 

tory  shows  that  the  mere. fact  that  a  city  alile.      Its    ohjecf    is    rather    to    illustrate 

has  been  ilestmyed   hy   tiatural   phenom-  the  effect   of  <'arth(|nakes  u|ion   different 

ena    in    times   past,  and  may   reasonalily  types    of    liuildin^is,    ami    to    point    out 

expect     to     he     so    destroyed     aj^ain,     is  such    jzeneral    conclusions    as    may    seem 

insufficient    to     prevent     its    rebuildinj;,  justifialile  from   the  data  thus  obtained, 

provided    the    natural   eonditions   which  in  the  hope  that  thereby  some  assistance 

caused  its   original  development  are  not  may  be  afforded  to  him  who  may  have  to 
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Ruins  of  Adohc  l»iiil<iiiigs  in  the  forcfjroiiiKi 


deal  with  the  spec-ific-  prohlciu  of  (Icsiuii 
in  earthf|uake-affliftefl  countries.  From 
this  vie\vj)f)int  the  following  (lescriplioii 
of  the  earthfjiiake  of  May  4th  hist,  which 
resulted  in  the  entire  destruction  of 
r'artago.  shouhi  be  interpreted: 

The  city  of  Cartago  Hes  in  the  central 
p^)rtion  of  Costa  Rica,  midway  between 
the  Atlantic  and  Pacific  oceans,  and  two 
or  three  miles  east  of  the  continental 
flivide  Its  distance  from  either  coast  is 
alxnit  ninety  miles,  anrl  it  is  in  flirect 
communication  with  the  itnportant  har- 
Vxir  of  Port  Union  on  the  Atlantic  coast 
by  the  Northern  Railway  of  Costa  Rica, 
a  line  controlled  by  the  United  P^ruit  Com- 
pany of  Boston,  through  whose  courtesy 
Professor  Jaggar  and  I  were  able  to  visit 
the  city.  Its  elevation  above  the  sea 
level  is  4,700  feet,  and  although  it  lies 
but  ten  degrees  above  the  erpiator,  its 
climate    is    cfX)l    anrl    bracing    anrl    it    is 


coinparat  i\('ly  free  from  tropic;il  diseases. 
Its  popuhilioii  before  the  earlh(|Miike 
coiisisled  of  from  H.OOO  to  10,()()()  p(>ople. 
It  was  visited  to  a  considerable  extent 
by  tourists,  and  in  recent  years  by 
Americans  from  the  Canal  Zone,  who 
used  it  as  a  ready  means  of  escape  from 
the  humidity  and  enervating  climate  of 
the  Isthmus. 

The  ordinary  forms  of  coiisl  met  ion 
employed  in  the  city  may  be  dixided 
into  fr)iir  difi'erent  classes,  which,  arranged 
in  I  lie  order  of  their  fn'(|uencv,  are  as 
ff)llo\vs:  adobe,  brick  and  stone  masonry, 
hahareffite,  wooden-frame  buildings.  If 
the  above  arrangement  were  to  be  re- 
versed, it  would  show  the  relative  resis- 
tance of  the  different  tyf)es  to  the 
shock, — a  striking  commentary  upon 
the     wisdom     of    builders     aiul     owners. 

Xearl.\'  all  of  these  buildings  were 
rof^fed     with     hea\y     red     Spani>li     tiles. 
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wliicli,  wliilr  otlrriiii:  piolcctioii  ;iL';iiii«.t 
^Ul)  and  rain  and  adding'  a  toiicii  of 
|)ictiin'>(|U(*  coloriti;;  fo  the  cify,  l'(trnif(| 
a  ilcadly  iiiniact'  in  ca^r  of  rarf li(|nakt', 
and  wjTc  d(mhtlc>-»  ic^pniisiMr  fur  a 
\  crx'  considtTal)!*'  proportion  of  tin- 
d('allr>  on  May  4lli. 

Of  tlicsf  diU'crcnl  fornix  <if  con^l  ruct  ion 
two  arc  nnknown  in  New  Hn;:land. 
tlic  adohf  and  tlir  hafidrrtjiir.  Tlic 
fornuM',  liowfvrr,  is  coininonly  used  in 
ccrfain  portions  of  tlir  I  nitc*!  State-  an<l 
is  donlttlcss  familiar  to  many  of  .\'on. 
It  (•on>i.sts  Micrcly  of  sun-dried  nnid 
bricks.  To  ol)laiii  the  he^{  l)ricks,  straw 
slionld  l)c  mixed  with  the  mud,  hut  in 
nuicli  of  the  ("arta<;o  adohe  the  straw 
was  omitted.  As  heavy  tile  roofs  can- 
not be  supported  liy  walls  of  this  weak 
material,  wooden  upriixhts  are  usefl  to 
support   the  ro(»f  Ix'ams  or  rafters,  these 


n|)rii,'ht>  Ix-Iul'  iiotliniL'  l>iit  roUL'li  po-ts 
in>crtcd  a  short  distance  into  the  j^round. 
The  walls  of  these  adoix'  Ituildin^'s  an- 
sometimes  several   feet    thick. 

luiliiirciiiw  is  the  name  ^i\cn  to  a 
type  of  Knildin;,'  consisting,'  of  a  crude 
wooden  fraiiK'Work  in  whicli  lln'  up- 
riL'iit-  are  hcM  together  !•>  Iiori/ontal 
rihs  of  natixc  cane  i>lac<'d  several  inches 
apart.  Tlu-  walls  of  such  building's  are 
formc<|.  in  the  case  of  |)lain  IxilKirrqiie, 
of  a  |)laster  of  adobe  mud,  an<l  in  the 
Ixiluirvijui'  ill'  hidrilhi  of  bricks.  The 
better  type  of  the  |)lain  hdliarcque  build- 
\n^s  are  constructed  by  driviuf;  into  the 
j,'round  at  intervals  of  about  three  feet 
posts  of  a  very  hard  and  l<»n^'-lived 
wood,  called  f/iiarhi jirlln,  which  is  com- 
monly re))orted  to  have  a  life  of  one 
hundred  years  under  these  condition.s. 
I  poll    these,    posts   of   an    inferior    wood 
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Panxliial  C'hunh.  liiiilt  of  <nt  stont- 

arc  erected,  the  two  sets  of  posts  Ix-iiif,' 
thf)rou^hly  spliced  above  the  ground 
level.  These  latter  posts  are  braced 
by  diagonals,  thus  forniirif^  the  frame- 
work of  the  building  itself.  Ifjon  both 
the  inside  and  the  outside  of  this  frame- 
work are  nailed  strips  of  one  of  the 
native  canes,  laid  horizr)ntally  at  itif<T- 
vaN  of  six  inches  f»r  thercabout>.  Thc^c 
.strips  extend  completely  around  the 
building,  hohlin^  the  verticals  firml.\ 
t«>^'ether  and  forminj:  a  sort  of  basket- 
work  frame  or  wattle.  The  mufj  to 
form  the  walls  is  then  pressed  by  hand 
}»etween  and  arounrl  the  canes.  Such 
buildings  are  of  a  jjleasin^  api)earance 
which  the  description  of  their  construc- 
tion would  not  inrjicatc. 

That  there  were  so  few  wooflen  build- 
ings in   such   a   sparsely  settled  country 


;is  ('()sl;i  Hicji  (Icscrxcs  I)ri('i'  (•oiiimcnl . 
The  ri'ason  lor  this  is  iiol  lack  of  i^ood 
timber,  since  portions  of  the  counlry 
ar(>  lica\ily  timlxM'cd  aiul  iinicli  of  llic 
timber  is  of  cxccIKmiI  <|uality.  ll  can 
proltably  be  attributed  in  pari  lo  the 
intluciuc  of  Spanish  architecture,  with 
its  almost  exclusi\'e  us(>  of  masoiwy.  and 
partlx'  to  the  ditficultics  of  lumbering;' 
ill  a  mountainous  counlry  wlicrc  snow 
and  ice  ne\-er  occur  to  make  Irasporla- 
lion  easy. 

Adobe:  The  adobe  buildings  were 
\ cry  ueiici-ally  destroyed,  the  uuid  walls 
disintei^ratiu^  under  the  shock  and  the 
hea\y  roofs  fallin<i.  The  fact  that  this 
material  has  no  resistance  to  tension 
makes  it  practically  worthless  to  resist 
severe  sidewise  vibration  and  the  result- 
ing diagonal  tension  accompanying'  the 
sheariufi  forces.  Moreover,  its  crushing 
stren^fth  and  elasticity  are  so  low  that 
it  can  otter  little  or  no  resistance  to  the 
sudden  uj)ward  blow  of  an  earth  wave. 
It  would  seem  that  the  strenj^th  of 
buildiniis  of  this  material  de[)ends  but 
little  u|)on  the  thickness  of  tlie  walls, 
that  is,  assuming'  that  the  walls  be  made 
of  reasonal)le  thickness  and  })e  not  merely 
mounds  of  earth. 

Hrick  and  stone  masonry: — 'I'liese 
buildings  are  grouped  together,  as  there 
was  no  marked  difference  in  the  resis- 
tance they  ottered  to  the  shock.  As  a 
general    thing    it    may    Ix'    said    that    IIk; 
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m;il<'ri;il  ii^cd  \v;in  ikiI  of  llic  l>r>t  (|ii;ilily. 
and  that  the  \viirkmaiis|ii|)  \\;is  not 
<>s|)»'cially  liood.  I'lic  mortar  was  iii\ai- 
ialdy  of  lime.  I'ortland  ccmcMl  hciiiu' 
practically  proliildtcd  l»y  its  price.  'Ilic 
>toiic  masonry  was  usually  a  lime  nil»l»lc 
made  1)V  d«'positiiiji  lime  mortar  in 
wooden  forms  and  then  throwinfi  stones 
into  this  matrix.  WhiU'  in  jjeiieral  the 
hnildinj^s  in  Carta^o  were  l»nt  one  >lory 
liiirli  (that  hein^  a  concession  to  the  recojz- 
nition  of  the  city's  danp'rons  location  t, 
the  l>rick  and  stone  hnildin^s  were 
Usually  of  ixnNJter  heiuht,  their  huilders 
ajjparently  feelinj^  that-  the  supposed 
additional  strenjrth  of  the  material  would 
more  than  offset  the  jireater  vil^ration 
due  to  increased  height.  The  se\ere 
damage  which  stone  buildings  suffered 
is  clearly  shown  in  the  cuts.  It 
should  be  observed  that  mere  thickness  of 


wall  \\a^  of  no  apparent  a>^is|;inc<'  in 
n>i>ting  tiu-  shock,  and  that  failiu'*'  was 
b\  no  means  re>lrict<*l  to  the  higln'st 
portion>»  of  these  buildings.  'I'here  was 
one  church  in  llu-  process  of  const ructioiu 
the  parochial  church,  in  which  cut 
stones  wiTc  Used.  TIm'  walU  w«'re  prac- 
tically finished,  although  the  roof  was 
not  in  |)la<-e.  I'his  structure  rcsistecl 
the  earth(|uak«'  far  b«'tter  than  the  por»rer 
buildings  previously  described,  an<l  wouhl 
doiil)tless  ha\e  done  still  better  had  the 
walls  been  lie<l  together  by  a  strong 
roof.  Nexcrthclcss.  it  was  left  in  such  a 
condition  as  to  rcriuirc  partial,  if  nf)t 
entire,  rebuilding.  This  building  is  par- 
ticularly interesting  tr»  the  geologist 
l>ecause  it  was  the  only  stone  building 
in  the  city  which  could  be  comparefl 
with  first-class  stone  buildings  in  this 
countrv. 
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Hrifk  IniiKliniis  sutTorod  otpially  with 
stone.  The  two-sti)ry  ilwolliiiii  orcupiod 
l»y  tlio  Ciuatomalan  rcprosontatix  «•  to 
the  IVat'o  (,\nirl  rostMnUlod  perhaps  moiv 
closely  the  hriek  (Iwellinir  houses  of  this 
city  than  any  other  l>riek  l)Mil(lin<,'  in 
(.'artaiio.  This  was  completely  destroyed. 
There  is  no  reason  to  expect  that  our 
houses  wonld  prove  materially  hetter. 
slu^uld  Host<Mi  ever  he  subjected  to  an 
e<|ually  severe  shock.  In  fact,  the  Back 
Bay  tiistrict,  with  its  soft,  tilled  land,  is 
<lonhtless  more  suseeptihle  to  destruction 
under  a  similar  shock  than  was  Cart  ago. 

The  most  widely  known  building  in 
the  city  was  the  recently  constructed 
Peace  Palace. — designecl  and  constructed 
liy  native  architects  and  builders  from 
funds  given  by  Mr.  Andrew  Carnegie  of 
New  York.  This  also  was  a  brick 
building,  but  had  in  its  walls  steel  ver- 
ticals t(»  which  the  light  steel  roof  trusses 
were  apparently  anchored.  These  ver- 
ticals were  small  and  flimsy;  whether 
they  were  expected  to  reinforce  the  walls, 
and  thereby  make  them  strong  against 
vibration.  I  cannot  say.  The  fact  re- 
mains that  the  building  was  badly  ruined: 
and  it  Ls  the  speaker's  opinion  that  its 
destniction  wa.s  aided  by  the  lever-like 
action  of  these  upright  columns  when 
.<set  in  motion  by  the  earth  waves. 

Bahareque  buildings: — These^  resisted 
the  shock  remarkably  well,  and  are  prob- 
ably as  nearly  prf)of  against  total  destruc- 
tion as  any  form  of  inexpensive,  non-com- 
bustible building.  As  previously  stated. 
cJiagonals  should  be  used  to  give  rigidity 
to  the  framework.  If  these  are  omitted, 
the  building  may  list  bodily. 

WwKlen  frame  Ituildings: — As  already 
saifl,,  there  were  but  few  of  these  in 
C'artago  or  vicinity.  The  two  Cartago 
railroad  stations  and  the  station  at 
Paraiso  fa  nearby  village,  where  the 
de.struction  was  as  complete  as  in  T'ar- 
tago  it.self;  form  the  sum  total  of  such 
})uildings  so  far  as  the  speaker  was  able 
to  determine.  Not  one  of  these  stations 
was  ap7>reciably  injured  structurally, 
although  minor  damages  cKcurred. 

One  of  the  most  interesting  buiUlings 
in  the  entire  city  was  a  dwelling  house 
occupied    by    Senor    Pena.     The    upper 


story  of  this  house  consisted  of  a  wooden 
framework,  with  walls  and  partitions  of 
metal  laths  covered  with  lime  mortar 
and  i)laster.  The  lowt-r  story  of  this 
same  Imilding  was  of  brickwork,  which 
was  considerably  damaged.  The  upper 
story,  however,  remained  entirely  unin- 
jured. c\en  the  wallpa|)er  showing  no 
sign  of  disturbance.  That  this  inunun- 
ity  from  damage  may  be  allributed 
entirely  to  the  resistance  of  the  wooden 
framework  and  its  covering  of  metal 
and  mortar  is  evident,  since  th(^  damage 
to  the  lower  story  shows  Ilia  I  the 
l)uilding  could  by  no  chance  ha\e  been 
located  at  a  nodal  point.  Indeed,  it  is 
the  speaker's  belief  that  the  strength  of 
the  wooden  framework  was  largcl\-  re- 
sponsible for  the  coin])aratively  little 
damage  to  the  brick  walls. 


Pena  House,  Cartago 

Wliiie  many  more  examples  of  each 
ty|)e  of  building  might  be  shown,  the 
speaker  feels  that  he  has  given  enough 
to  confirm  the  correctness  of  the  following 
conclusions: 

1st.  That  no  buihling  constructed 
entirely  of  material  with  low  tensile 
resistance  or  little  elasticity  is  safe 
against  severe  shoc-k.  'i'liis  api)lies  to 
adobe,  ordinary  brickwork  laid  in  lime 
mortar,  and  lime  mortar  rubble. 

"2(1.  That  buildings  of  first-class  cut 
stone  masonry  laid  in  lime  inortar,  even 
when  of  low  height,  are  subject  to  consid- 
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oral)l('  (laniairc  l)y  seven*  shocks,  iiltli()Mt:li 
they  may  iii)t  Ite  <'nlirely  (Uvstmyed. 

.'{<1.  That,  in  general,  elasticily.  eim- 
tiiiuity  and  lightness  df  structure  are  nf 
more  importance  than  thickness  of  \\;ilU 
or  low  height. 

4th.  Thaf  \voo<leii-t'ranic  l)niliiiiig>  ol 
moderate  height,  with  walU  and  pari  it  ion  ^ 
formed  of  metal  laths  or  expamled  metal 
<"ov<'red  with  lime  pla>ter.  will  resist 
with  little  or  no  damage  very  se\-ere 
shocks,  provi<led  no  earth  fi>Niire  occurs. 
Such  l>uildings  should  have  contimioii^ 
or  thoroughly  spliced  verti<'al  and  hori- 
zontal memhers,  which  should  he  well 
tied  together  at  joints;  roof  raft«'rs  should 
1)0  securely  held  at  ends  l)y  coiitimious 
horizontal  ties,  and  floor  i)ost>  firmly 
fastened  to  the  vertical  memhers. 

oth.  That  projecting  halconies  and 
cornices,   and   heaw   tile   roofs   are   dan- 


erou^  in  the  extreme.  The  latter  •>houl<l 
lie  proliil)ited  l»y  law,  and  the  fornuT 
ii^cd  onlv  when  constructed  in  the 
>trongesf  manner  and  under  rigi<l  in>pec- 
lion. 

it  i^  t(»  he  n-grclted  that  no  n-inforci-d 
coiicn'te  or  steel-frame  huildings  existed 
in  (artago.  and  that  it  is  then-fore  im|)os- 
>iMe  to  |)res«'nt  conclu>ions  concerning 
their  hehavior.  There  se«'ms  little  douht, 
in  \  icw  of  the  ex|)erience  in  San  IVan- 
ciscd.  th.it  Nteel-frame  huildings  properly 
huill  and  hraced  would  haxc  n'>i^ted 
thi^  earth<|uake  as  well  as,  if  not  Ixttf-r 
than,  wooden-frame  huilding.>. 

No  e\idence  <an  he  obtained  from 
this  ••arth<|Uake  as  to  whether  or  not 
reinforced  concrete  is  a  suitable  material 
for  eartlupiake-resisfing  structures,  since 
none  (»f  it  existetl  in  C'artago  or  vicinity. 
Concrete    it>elf    ha>    little    or    no    ten.sile 
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rosislnmv.  whit-li  nuivt  Ix-  t'miu><lu>(l 
ontin^ly  l)V  tlir  stool  nMiitoiHcimMit .  Phis 
aiul  its  wiMixlit  ;irr  ;ii:;iin^l  it.  VUc 
Kiiirlish  iioviTiniuMit.  ill  llu>  rccoiist iic- 
tion  of  Kiiii^stoii.  .laiiijiicii.  lias  sliowii 
its  faith  ill  this  luatorial  !>>•  iisiiiii  it  cx- 
chisivi'ly  ill  its  lunv  liOvt'niiiuMit  hiiild- 
iiiiis;  ami  it  is  also  hciiiii  laruol_\-  used  hy 
private  interests  in  the  same  city.  1 1  is 
the  siH^iker's  belief  that  reinforced  con- 
crete, wlien  pniperly  constructed  under 
riirid  supervision  hy  competent  eufiineers, 
shouhl  resist  eartluiuake  shock  such  as 
this  without  total  destruction,  altliouuli  it 
miizht  l)e  hadly  cracked  and  diflicult  to 
repair.  I'lie  experiment  at  Kiuiistoii  is 
an  interesting:  one.  and  the  effects  of  the 
next  .severe  earthquake  u|)on  its  iniincr- 
ous  reinforced  concrete  huildinus  is  a 
subject  which  should  be  studied  with 
keen  interest  by  all  engineers. 


THE  LNSTITI  TK  AM)  Tl  RE 
SCIENCE 

The  biographical  directory  of  Ameri- 
can Men  of  Science,  edited  by  Professor 
Cattell  of  Colunil)ia  University  in  !!)().'} 
ha.- just  bt^n  reissued  and  an  interesting 
comparative  study  of  the  changes  from 
l!)(l.'{  to  li>l(»  hasbeen  published  by  Ihc 
editor.  Some  of  the  facts  brougiit  out 
are  of  particular  interest  to  Technology 
men. 

It  shf>uld  be  notcfj  at  the  outset  that 
the  statistics  given  relate  wholly  to  the 
advancement  of  science,  so  that  our 
.strong  engineering  departments  are  not 
represented.  Again,  the  comjjarison  of 
in>tit-utions  is  to  a  large  extent  the  com- 
parison of  grafluate  departments  since 
it  is  these  which  bear  the  clo.se.st  relation 
to  the  advancement  of  science.  I'nder 
the.se  conditions  it  is,  therefore,  particu- 
larly gratifying  to  finrl  that  in  chemistry 
the  Institute  "easily  leads"  all  the  col- 
le'ges  and  universities  of  the  country, 
and  that  in  the  pure  science  dej^arf merits 
of  physics  and  mathematics,  where  gra<l- 
uate  work  is  not  yet  developed,  it  stands 
sixth  and  ninth,  respectively. 


The  iiisl  it  utioiis  which  Iiax'c  made, 
since  ]'.){):>.  llie  largi'st  gains  in  ihc  total 
number  of  (heir  leading  scientilic  iiicii 
are:  llar\anl.  Ik  Wisconsin,  k2;  Ciii- 
cago.  1(»;  ^ai<^  S;  'I'he  Instituic  of 
Technology  and  the  Canu>gie  liislitii- 
tioii.  7  each.  'I'li(>  total  i)rcseiil  mimbers 
are:  Harvard,  7!)' •_,;  ("oltimbia,  tS; 
Chicago.  47' 2;  Vale"  .SS;  Cornell,  .'{.'>; 
.b)lins  Hopkins,  '5.S'2;  Wisconsin.  .'50; 
M.  I.  'i\,  "2.5,  etc..  fractions  representing 
part-time  .service.  The  only  other  tech- 
nological institution  liaxing  three  or  more 
is  Worcester,  with  just  that  number. 

In  a  comparison  with  c-ertain  other 
cducalional  factors,  it  aj)i)ears  that  the 
Institute  has  one  of  the  leading  scientific 
men  for  every  ten  members  of  its  instruct- 
ing staff;  Harvard,  one  in  eight;  Yale, 
one  in  eleven,  etc. 

In  compari.son  of  the  number  of  sci(Mi- 
tific  leaders  with  the  value  of  its  real 
("state,  the  Institute  stands  first,  with 
one  for  each  $,5.'5, ()()()  of  property.  Har- 
vard has  one  for  each  .$i;5S,()()(),  while 
certain  institutions  near  the  other  end 
of  the  list  are  credited  with  more  than 
$()()(),()()()  for  each  scientific  leader. 

In  the  proportion  of  scientific  men  to 
current  income  the  Institute  is  again 
near  the  heafl  of  the  list. 

There  are  six  more  graduates  of  the 
Institute  in  the  leading  thousand  scien- 
tific- men  now  tlian  in  liJO.'J. —  Technoloijij 
Review. 


SARGASSO  SEA  .V  M^TH 

.V  XoHWEOlAN  exiH'ditioii  sent  to 
search  for  th<'  Sargasso  Sea  has  returned 
with  the  report  that  there  is  no  such  sea. 
The  expedition  found  .seaweed,  but  in 
no  such  quantities  as  have  been  reported 
for  the  last  few  centuries.  The  .seaweed 
collects  at  the  pf)int  of  anti-cyelone 
which  generally  exists  over  the  North 
.\tlantic-.  The  (juantity  of  seaweed  is 
largest  during  the  third  (piarter  of  the 
year.  These  alga-  float  on  the  surface 
for  five  or  six  months,  after  which  they 
lo.se  l>uoyancy  and  sink  to  I  lie  bottom. 
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n'spt-cliii^  llir  s|  |-ii»|  iiif  nf  lliiiiMs;   llu-y 

TllK  piirpnso  of  Ihis  paper  :iii<l    tliosr  ^111  (joiihllcss   ;ippciir  ciiidc  in   I  In-  li^lil 

\yliifli  follow  is  to  ii'ivv  n  very   l)ri<-f  mil-  of  fiiliirc  know  Icdj,'*-  hut    they  ;irc  prol)- 

linr  of  modern  idt'jis  respect  in  j,'  IIm-  nlli-  ;,|,|y   ri;,dit   as  far  as  tli(>y  ^k  and   lien<-e 

mate  c-onst it ut ion   «»f   the   tliin;,'s   \v«'  see  ;,,•,.  ihomMKhly  worthy  of  onr  attention, 

around      lis.        Since     most      people     not  'I'l,,.     reader's     pardon      i>     a^ked     for 

•scientists    are    unwillini:    to    j^ive    much  l»c^ri,,,|i,,^r^   ;,^   „,.  ,|,,.    wiilmul    a«..iiiiiinf{ 

itii.sldinfd     attenti(tn      to     any     scienlili<-  .my    knowledire    of    the    sul>.i<-ct.       It     i^ 

exposition,    it    has    lieeu    ihouuhl    Itcsl    In  easier    lor    one    reader    to    skip    lliaii    for 

run  the  risk  of  Itcin-i  somewhat  disjointed  another    to    in\-ent    explanat i«»n>,    a    fact 

and    make    each    paragraph    more    of    a  not  often  realiz<'d  in  scientific  writing, 
detached     unit      than     is     Usnall>'     done. 

This    reduces    llic    anioiinl    nf    sUslaiiicil  rni;   i  i,ri\i\rK   ui; ai.itiks. 
attention    nec-essary   on    the    part    of   the 

reader,  l»ut  it  una\"oidal»ly  invohcs  some  All  Imdics  as  uc  know    llicm  arc  com- 

rep<'lilinn  and  is,  of  course,  liiuhly  \mcon-  plex    siruclurcs   composed   (»f    small    j)arti- 

ventional.      \N'hen    e\  cry  thin-,'   is   coiisid-  des     called     (tioiiis     to^^-ther     with     still 

ercd.  however,  such  an   itino\at ictri   will,  smaller  particles  known  as  elvctrons.     If, 

it   is  helie\'ed,  con<luce   to  clearness  and  therefore,   we  were  familiar  with   all   the 

that  after  all  is  what    we  most   desire.  laws  of  action  of  atoms  and  electrons  wc 

Durimr  the  last   two  deca<les  there  has  wouhi     understand     cnmplclclx     all     the 

l)een  a  very  great  ad\ance  in  our  knowl-  physical   phenomena   in   nature.      Funda- 

eilge    of     th<'     ultimate    const  it  ut  ion     of  mental  physics  might ,  therefore,  he  calh'd 

matter.     Since   iSiM)  a   xcritahlc  wonder-  the  science  of  atomic  eti«pi<'tte  and  any 

land  has  heen  opeiu'd   up  in    the  field  of  physical  sciciKc  which  you  clioo.se  is  hiil 

fundamental     physics.       The     old     ideas  achajdcr  in   I  he  rule  hook.      Indeed  "Tlic 

which      prompted       the       cnntemptiinus  Nature   anri  Adinii  nf    Alnnis  and    I'Jec- 

phrase    "gross    matter'    are    hopelessly  Irons"  would   not    have  liccn  a   had   title 

inade(|uate    to    represent     the    marvelous  for  IJie  present  article. 
com|)lexity    and    delicacy    of    struct  lire 

which  have  since  heen  revealed,     riicciiil  atoms. 
is,  of  course,  not  yet,  l)Ut  throughout  all 

this   advance    there   lias    heen    singularly  Siw.     Alniiis  arc  minute  part  icics  each 

little   in    fonm-r   ideas   which    had    t()   l)e  al)out   one-three-hundred-inillionth  of  an 

considered    totally    wrong.      They    were  inch  in  diameter.     If  the  <-artli  were  made 

right  as  far  as  they  went,  l>ut  were  hope-  up  of  hase  halls  it  would  he  a  fair  model 

lessly,    pitifully    inade(|U_ate,    and    so    it  of  a  drop  of  water   made  up  of  atoms. 

Xotk; — Many  x-it-iitific  men.  familiar  as  tlicv  arr  with  tin-  vast  nunilx-r  nf  aiinost  lniii<-lrs>|y  >tiiMK>rn 
pri>liltins  which  must  Ix-  sulvcfl  Ixfon-  our  tiiittwlcd^'f  of  llir  structun-  of  matter  will  Ix-  aii.v  tliin>i  like 
compU'tf,  will  |irol>abiy  ul)jitt  to  thf  ".smupnes-s"  of  the  following  prcsrnliition.  It  n'i)n-.s«-nt.s,  however, 
essentially  what  they  believe  and  is  the  ov\y  form  in  which  the  sutjject  can  be  made  popularly  intelligible. 
— The  ArxHOR. 
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The  most  powerful  inii-rosfDpc  kiunvii. 
ustnl  uiuUm-  tlir  l)»'>l  coiulil  ions,  would 
oual)lo  us  to  SCO  an  ohjoct  which  was  two 
Junulrotl  nioloc'uU's  in  width. 

Shape. — Not  mufli  is  kiu>wii  as  roi^'ards 
the  exact  shaj)e  of  the  atouis.  hut  appar- 
ently they  are  not  very  far  from  spluM-ical. 

DifftTcnt  Kinds. — There  are  nt)W  known 
nearly  one  luuuiretl  different  kinds  of 
atoms,  that  is,  difTerent  iij)ecie.s.  The 
iutlividual  atoms  in  each  sjiecies  are, 
however,  exat-tly  alike.  Atoms  of  difTer- 
ent kinds  dill'er  in  size  ami  still  more  in 
weight.  An  atom  of  the  heaviest  kind 
known  i>  ahout  '240  times  as  heavy  as  one 
of  the  lightest  kind.  The  diameter  of  the 
former  is.  however,  only  ahout  two  and 
one-half  times  a.s  great  as  that  of  the 
hitter. 

The  different  species  of  atoms  have 
ijuite  different  projjerties,  and  this  dif- 
ference in  property  is  what  gives  variety 
to  the  world  as  we  see  it. 

TENDENCY  TO  FORM  GROUPS  (mOLECULEs). 

Atoms  tend  to  form  groui)s  known  as 
molecules.  The  atoms  in  a  molecule  stick 
together  very  tightly  indeed  and  .some 
molecules  can  be  broken  up  only  with  the 
greatest  difficulty.  These  groups  have  a 
definite  individuality  and  unless  acted 
on  from  the  outside  they  are  in  general 
permanent.  The  same  atoms  may  be 
grouped  into  fpiite  different  mcjlecules 
just  as  the  .same  l)ricks  may  })e  used  to 
build  a  church  or  a  jail,  or  the  same  let- 
ters used  to  form  altogether  different 
words.  The  inrlividuality  of  a  mole- 
cule is  akin  to  the  individuality  of  a 
word.  A  word,  though  consisting  .solely 
of  letters,  has  a  definite  unity  of  its  own. 
A  molecule  made  ui>  of  atoms  is  just  as 
definite  an  aggregate.  In  Figures  4  and 
o  water  molecules,  each  consisting  of  two 
hydrogen  atoms  anfl  one  oxygen  atom, 
are  sCen  in  the  closely  crowded  state 
known  as  liquid  and  in  the  more  dis- 
persed state  known  as  ga.seous  f steam). 

Elements  and  Componmh. — When  the 
atom.s  making  up  the  molecules  of  a 
substance  are  all  alike,  that  is,  belong 
to  the  same  species,  then  the  substance 
is  called  an  "element."  An  element, 
therefore,  is  composed  of  only  one  kind 


of  atom.  .V  comi)ound  is  a  substance 
the  molecules  of  which  are  made  uj)  of 
more  than  one  kind  of  atom. 

Figure    1    represiMils   a    li(|ui(l   clement. 


V\ii.  1.      .Vioins  of  a  Liciuid 

All  iiisl;mt;inc()us  view  of  a  portion  of  li(|iii(l. 
sucli  as  iiicrciiry,  li(|ui<i  oxypcn,  or  any  melted  iiielal 
a  few  luiMtlred-iiiiilioiitlis  of  an  iiieli  wide,  as  .seen 
tlirongii  an  iiiKKjiiKiri/  inicrosropr  of  enorinons  power. 
'J'iie  atoms  are  in  violent  vibration  eontinnally.  this 
vihration  being  what  we  call  heat.  The  "tenipera- 
tnre"'  is  a  measnre  of  the  violence  of  the  vihration. 
In  other  words  wtien  we  "heal"  a  s\il)stanee  we 
increase  the  violence  of  the  atomic  vihration. 

The  almost  invisible  black  points  shown  in  a  few 
places  between  the  atoms  an-  "electrons."  These 
are  very  small  j)articies,  charfjed  with  ncfjative 
electricity,  which  conn-  out  of  the  atoms  orijjinally. 
They  are  constantly  beinj?  knocke(l  out  of  the 
atoms  l)y  the  violence  of  the  (heat)  vibration  and 
are  constantly  going  back  in  again.  The  number 
which  are  "free"  at  any  one  time  depends  on  the 
kind  of  atoms  which  make  up  the  substance.  In 
metals  there  are  almost  iis  niany  free  ele(!tron.s  as 
there  are  atoms.  In  other  substances  there  are 
very  few.  The  electrons  exist,  it  is  thought,  in 
largi'  numbers  irilliin  the  various  atoms.  In  size 
the  electron  is  fj-trcini'li/  small  comj)ared  with  an 
atom,  the  size  Ix'ing  about  one  to  one  hundred 
thousand,  so  that  even  the  black  point.s  in  the 
drawing  enormously  exaggerate  their  size  com- 
I)ared  to  the  atoms.  The  electrons  which  come  (nit 
of  the  atom  are  all  alike. 


Figure  4  a  liquid  comjjound.  Oxygen, 
hx'drogen,  carbon,  lead,  cop[)er  are  names 
of  .some  of  the  elements  and  iliei/  are, 
therefore,  names  of  atomic  species.  Water, 
salt,  sugar  and  carbon-dioxide  are  names 
of  compounds. 

Chemical  Action. — Chemical  action  i.s 
the  name  given  to  the  process  whenev^er 
the  groups  known  as  molecules  are  either 
formed  or  broken  up.  When  a  sul)stance 
is  l)iirned  or  w  lien  ;iii  acid  "eats"  a  metal 
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uc  lia\<'  :iii  ;i<li«iii  iii\  oK  in;:  the  |)Iim|mc- 
tioii  (»f  lU'W  lMol(H-iilt'>.  aii<l  llirrrluif  iit-w 
siiKstaiicfs,  lliroii^'li  tlu"  rcarranp'iiifiit 
of  the  atoms.  IJ_\-  an  iiisprclioii  of  Kiuiirc 
.')  it  will  }»«•  flcar  that  if  two  of  tlu*  "  lai^c" 
o\ym'ii  atoms  conltl  Im-  >«'|)arat«'il  fn»m 
tlu'ir  n'«.p«-(ti\«'  water  molcrnlrs  ami 
<-otii(i  tJKMi  l>(>  comltiiu'd.  tlicy  would  form 
a  niolcciili  of  oxygen  siicli  as  one  of  tlioxc 
in  Fij,Mirr  .'?.  'riicrt'  would  !)»•  left  Ix'liiml. 
it  should  l»«'  iioticrd.  f<tur  of  the  "small" 
hydroL^fii  atoms  of  l-'i^^Mire  .">  ((w«»  from 
eaili  (lfcom|»osrd  moU'clilfl,  and  these 
woidd  stick  together  in  twos  and  would 
form  two  hyilroi:en  molecule^.  When 
thousands  of  molecules  were  thu>  hrokcn 
up  the  eom|)lete  proct'ss  would  lie  callecl 
tlu'  decomposition  of  water  into  oxy;,'eii 
and  hydro;,'en.  It  i->  accomplishe<l  practi- 
cally in  the  l:d)orat«>ry  <|uite  easily. 

Till-  Atom  iKit  ('li(in(ictthli\  .\ltlioU;,'li 
every  one  of  the  thousands  of  "chemical 
reactions"  which  naturally  or  artificially, 
are  p)in,i.'  on  in  th<'  world  all  the  time. 
involve  the  fcirmation  or  decomposition 
of  mnlerulea,  no  way  lia.s  ever  been  found 
to  chau<;e  ati  atovi  of  one  species  into  one 
of  anotluT  species.  This  was  the  hope  of 
the  alchemists  l)ut  was  ne\"er  reali/.ecl. 
We  shall  see  later  that  the  atoms  are  not 
al>solutel_\-  chani^eless  in  their  heiui,'.  I)ut 
merely  that  the  mysterious  forces  which 
prcser\i'  their  integrity  are  ^o  much 
mightier  than  the  forces  which  hold  them 
tof^ether  in  molecules  that  as  yet  man  has 
not  l)e<Mi  al)le  to  shatter  them.  The 
atom>  have  j;real  j;roup  lovalt.\  and  il  i> 
the  l)U>iness  of  the  chemist  to  make  use 
of  this  loyalt\"  in  the  service  of  man.  hut 
the  instinct,  we  mi^dit  say,  of  self-pres<>r- 
\ation  is  so-  vastly  j,'reafer  in  the  at<»m 
than  his  jjroup-forminji  tendency,  that 
althoufxh  he  sulimits  to  the  hreakinj;  of 
family  ties  he  will  not  allow  his  <»wn 
individuality  to  he  tampered  with. 

dencnil  Forces  nf  Attract  inn. '-.]\\s[  as 
atoms  have  forces  of  attraction  which 
hoM  them  toirether  in  molecules  so  mole- 
cules attract  each  other  and  tend  to  form 
the  lar<ie  a<ii;re«,'ates  which  we  see  around 
us  and  call  "objects."  These  forces  are, 
however,  in  ireneral  very  much  weaker 
than  the  atomic,  or  a.s  we  might  .say, 
inlermolecular  forces.     They  are  strong 


enough,  however,  to  account  for  I  he  rela- 
tively strong  cohesion  of  solid  lindie>  and 
the  weaker  cohesion  of  liquids. 

TIIK    NATI KK    Ol'    MKAT. 

All  atoms  of  :dl  siili^l ani-c  are  in  cejuse- 
Icss  motion  to  and  fro.  This  motion  is 
what  we  call  the  heal  of  a  l»ody.  'I'he 
more    \  iolent     the    atomic    vihrafion    the 


Kifl.  i.     .\tciiiis  (if  a  Solid 

.\ti  iiislaiitjiiicoiis  view  of  ii  hit  <if  a  snjiil  .siil»- 
stancc.  siicli  as  s<»li(|  niiT<-iiry.  iron  or  cdpiMT.  a 
few  liitiiilroi-iiiilliiiiitlis  of  an  iiicli  \vi<lr,  jis  S4*«*n 
tliroii^'li  an  iiiimiiiHirj/  wirro.iropr  «(f  i-norinons 
power,  'llir  atnnw  an-  in  violent  viliration  as  in 
IIh"  li(|iiiii  of  I-"i>;iiri'  1.  Tlicy  are,  tiowever,  nearer 
fopllier  aiKJ  tlieir  \il>ralion  is  less.  If  Ki(;ure  1 
atui  l'i>;nre  i  represenl  I  lie  sjime  suhslanee  in  the 
lii|niil  anil  snliil  state,  then  III  i>asses  into  i^i  hy 
(•<M>lin>;,  /.  r.,  \>y  reduction  of  the  viliration  known 
as  lieat.  This  le,ss«'ninj;  <if  the  viliration  enal»le.< 
till-  .ittraelion  of  the  nioleeules  for  eaeh  other  to 
pull  them  m-ariT  topelher.  When  ne;ir  enon^h 
tojjelher  they  siidili-nly  assume  an  onlerly  arran^fe- 
inent  like  childreirs  hloeks  as  shown  in  Fij;nre  i 
and  the  whole  partiele.  therefore.  l(ec-onn"s  ri^tid. 
The  li(|iiii|  of  Figure  I  is  then  said  to  hH\<"  "frozen." 
The  alio\e  is  fairly  re|iresentati\e  of  any  solifj 
I'lemenl.  /.  c,  .-my  solid  eompose^l  <if  otdy  one  kin<l 
•  if  atoms.  .Many  snlistanees  which  we  call  solid 
(irohalily  lack  the  orderly  arran^'cnient  of  atoms 
shown  alnive  and  on  thi*  other  hand  some  ii<|iiid>! 
po.vsc.s.s  it.  The  <listinction  In-twec-n  liqnid  and 
.solid  is  that  in  the  former  «ase  tin-  vil>ration  is  mi 
intense  that  mn/  permanent  |Misilion  <if  an  atom  i.s 
im(Mis.silile  and  it  is  free  to  move  around  amonj;  the 
other  atoms  while  in  the  l.itler  (solidi  the  \iliration 
is  relatively  le->s  ant!  each  atom  n-maiiis  in  in 
the  same  general  locality  clo.sely  held  by  the  attrac- 
tion of  the  others. 

hotter  tlu-  body.  It  is  a  great  pity  that 
the  art  of  producing  motion  pictures  is 
not  yet  developed  to  the  point  which 
would  enal)le  us  to  embodv  this  violent 
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\il>rati«>ii  in  the  ju'conipniiyitii;  fiiiiiros,  st)  Tims  in  [\\v  Vu\u'u\  and  solid  sfat('  tlie 

we    nuist     roiiMost     iniauinalion     to    aid      crowdinif  is  so  close  tlial    "llu>  rit^lits  of 
inconipotent   art   and  endow    every  atom      others"   allow   only   xihralion    llironfi'li   a. 

very  limited  distance,  while  in  I h(>  gaseous 
state  (Figures  S  and  .■>),  the  motion 
consists  of  a  straight  line  flight  until  hy 
chance  there  is  an  encounter  with  anoth(M- 
molectde.  WJien  this  occurs  there  is  a 
"Kounce"  and  then  another  (light.  The 
ilistance  hetween  the  molecules  is  so 
small  an«l  their  sj)eed  is  so  large  that 
lilerall.\"  billions  of  these  iujpacts  ;[vv 
occurring  e\ery  second  in  even  a  cuhic 
inch  of  gas. 

SOLID,   1.1(^1  II)   AM)  (;as. 


Fie;,  s.     Gas  Molecules 

\n  instantanoous  \-iow  of  a  portion  of  gas  sutli 
a>  oxygen,  a  few  hiindnd-iniilionths  of  an  ineli 
wide,  a-s  .s«'en  ihroiipli  an  iviaijiiiiiri/  mirro.sropc  of 
enormous  power.  If  the  iiijuid  of  Figure  1  is  heated 
hot  enouph  the  vitjration  becomes  so  great  that  ttie 
atoms  can  no  longer  stick  together  a.s  a  whole 
They  fly  off  in  groups  of  two  (in  some  cases,  one, 
thnt^  or  morel  which  are  called  molecules.  These 
molecules  are  moving  rajjidly  in  all  directions. 
This  motion  corres[M)nds  to  the  victlent  vibration 
of  the  atoms  in  the  liquid  (Figure  1 )  and.  as  in  that 
case,  rcpresent.s  the  heat  of  the  substance.  The 
average  distance  between  the  molecules  is  very 
great  compared  with  their  size.  They  move  with 
high  velocity  in  straight  lines  like  billiard  balls  on 
a  table,  until  they  strike  other  molecules  or  the  walls 
of  the  containing  vessel.  Being  |)erfectly  ela>tic. 
however,  they  do  not  come  to  rest,  as  billiard 
balls  would,  but  keep  on  hitting  and  bouncing 
indefinitely. 

The  gasf-ous  pressure  on  the  walls  of  the  con- 
taining vessel,  like  the  pressure  of  the  atmosphere 
it.self,  is  due  to  the  tximbardment  of  billions  of  such 
flying  moUfules. 

In  the  "photograph."  near  the  center,  two  mole- 
cnile>  are  just  in  the  act  of  hitting.  Millions  of  such 
encf^unters  hapfK-n  in  a  s«*c'f)nfl  of  time. 

In  a  gas  like  f)rdinary  air  the  average  distance 
between  molMules  is  abr^ut  one  thousand  times  the 
diameter  of  one.  s'j  that  the  gas  in  the  "  photograph," 
where  the  average  di.stance  is  perhaps  only  ten 
molwular  rliameters,  mu.st  t>e  considered  as  a 
cr>mpressefl  gas. 

The  abfjve  illustration  is  representative  of  any 
elf ment  I ».  *'.,  substance  cf)mposed  of  f>nly  f)ne  kind 
of  atom.s;,  in  the  gaseous  state,  exrepi  that  the 
number  of  atoms  in  the  molecules  is  not  two  in  all 
soibsiances.  It  might,  in  the  ca.se  of  different  ele- 
ments be  almost  any  small  numlx-r. 


-Vll    substances    which    do    not    decom- 
po.se   (i.   e.,  sufier  molecular  dccomposi- 


or  molecule  of  Figures  1  to  .5  with  a  rai)id 
motion:  a  motion  which,  like  the  modern 
idea  of  freedom,  is  limited  only  hj'  the 
efjual  rights  of  all  the  other  atoms. 


Fi 


g 


Water  Molecules 


An  instantaneous  view  of  a  liquid  comi)()und, 
i.  €.,  a  substance  the  molecules  of  which  consist  of 
more  than  one  kinrl  of  atom.  The  abf)ve  would  be 
a  fair  nj)rcsentation  of  a  portion  of  water  a  few 
hundred-millioiilhs  of  an  inch  in  width.  The  water 
inolecnle  corlsi^ts  of  one  (jxygen  atom  combined 
with  two  h\(lrr)gen  atoms.  The  only  difference 
between  the  above  anfl  the  li()uid  rlniiciit  (suy 
oxygc-nj  f)f  Figure  1  is  in  the  structun-  of  the  mole- 
cule as  alrea<ly  ex|)lained.  This  makes  all  the 
flifference  in  the  world.  Ixnvever,  in  tin-  projM-rties 
of  the  two  substances.  The  atoms  of  oxyg<'n  when 
alone  as  a  liquid  element  «lo  not  attract  each  other 
enough  to  form  a  lif|iiifl  exfcpl  when  the  vibration 
is  very  little  indeed.  /.  c,  at  very  low  lemi)erature. 
.\t  rjrflinary  tem|ierature  oxygen,  therefore,  is  a  gas 
like  that  of  Figure  .'{.  The  water  molecules  have, 
however,  enough  attraction  for  each  other,  so  that 
at  orrlinary  temperatures  they  remain  near  one 
another  and  so  constitute  a  li<)\iid. 

tion)  on  heating  are  capable  of  existing 
in  three  states,  the  nolid,  the  lupiid  and 
the  (jas.     'J'he  .solid   when   heated   al)Ove 
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iU  iiit-ll  ill;.'  point  lirciiiiit-N  a  li<|iiiil  ;iii<l 
tli«'  li(|iii(l  I  liroiiu'li  IIm-  |)r()(»'>s  «»!'  fvapora- 
tioti  (»r  Imiliii;,'  (•liaii;,'('s  into  a  ^as. 

'1  lie  cailsr  of  IIm'sc  cliaii^cs  is  \rry  easy 
to  uii(lcr>laM(l.  \\r  lia\r  said  lliat  heal- 
ing; a  sul>s(aiic«'  n-ally  iiiraiil  iinTfasiii^' 
llic  \  iolnicf  of  its  iiilfriial  \  il)rat  ion. 
Now  it  is  clear  fliat  when  in  a  ^ulid  >nl>- 
.slaiur  tlii«.  \il»ratioii  <omr^  to  exceed  a 
certain  ainonnt  tlie  atoiii><  or  molecules 
will  no  longer  Ix'  alile  to  adhere  in  onlerly 
arran^eiiienl  Itiit  will  l»e  forced  further 
apart  l)y  the  motion  and,  althou;^di  not 
<-ompletely  (»ut  of  the  inllueiic<>  of  each 
other's  attraction,  so  that  they  l)ec(tiiie 
totally  disp<'rsed,  still  so  far  apart  that 
they  wander  ahout  al  random,  like  the 
frantic  meniheis  of  a  moli.  I  nd<'r  these 
<ircnnistances  ritriditv  no  joiiL'cr  exists 
and    tli<'  Niili-taiice   i^   jiiiuid. 


'>!• 


Mulcciilo  <if  Sicjim 


An  instantaneous  virw  of  water  vapor  or  otiicr 
ga.tcnii.i  cnmjxiuud.  To  form  tin-  alnivc  it  is  in<'rfl_\' 
ntMTssjiry  to  lit-at.  /.  r..  incn-asc  flu-  vil>ration  of  tlic 
onlinary  water  of  Fimirr  \.  until  ttic  attrartion  of 
tli«'  nn)l«'«nl«'s  is  ovtTconn'  ami  lln-v  fly  in  all  (lin-c- 
tions.  TIh-  only  flitfcn-nrr  l>«'tw<'cn  tin-  alM»vc  and 
till-  ca-i  of  Figure  '^  is  that  tlir  molccnli-s  tluTc  wen- 
compost'd  of  two  i(|i-nti(-al  atoms  wliiU-  in-n-  llicy 
arc  not.    That  was  an  element,  ttiis  is  a  compound. 


When  the  \il)ration  i,'cts  still  more 
violent,  I.  r.,  when  the  li(|iiid  is  further 
heated,  the  iiuniher.-s  of  the  molecules  at 
the  surface  of  the  li(|uid  wliicli  escape 
into  the  surrotindinj;  re^'idn  l)ecoine  very 
large.  The  nwtlecules  which  escape  do 
so  because  amid  the  random  viltration 
they  hapi)en  to  iiave  a  speed  sufficient  to 
carry  tiiem  up  Innond  the  attraction  of 
the  other  molecules  of  the  liquid.     When 


I  lie    space    aroiilid    ;,'els    tilled    with    these 
molecules  they  constitute  a  pas. 

"Hfdi  r,.i  iKind.s."  It  will  l»e  clear 
from  the  alio\e  why  "heat  «'\pands." 
The  more  violent  the  internal  \iliralion 
lh«'  further  the  atoms  or  moh-cules  are 
f<trcei|  apart  and  the  iiion*  spa<e  is  occu- 
pied  l».\    a  piece  of  tin-  siiltstaiice. 

Not.:  Ill  till'  next  arlitir  Dr.  (oiiistiMk  will 
fiirtliiT  disrii.is  liic  propiTlii-s  of  atoms  and  dt'scrilM' 
some  of  the  liahits  of  the  otll<T  fiilKlallK'lllal 
naiilv     the  el<'<t roll.      'i'liK  Ki)lT<iU. 


m;w     \\v\:    ()[■'    (  \\\i.     i.<»<  ix 

TiiKKi.  has  hecn  recciilly  |tul  inio  ser\ - 
ice  on  the  New  York  State  Marge 
("anal  a  type  of  l<»ck  which  is  new  in  the 
rnilcil  Stales,  although  it  has  Keen  used 
for  s«'veral  years  in  (iermany. 

The  distinguishing  feature  of  this  typ<' 
of  lock  is  the  ahsence  of  large  suhmerged 
valves.  The  water  holh  for  filling  and 
emptying  the  lock  (lows  through  si|)hons, 
the  crests  of  which  are  al»o\-e  the  water 
le\-el.  'I'hese  siphons  are  made  of  rein- 
forcccl  concrete.  TIh*  vacuum  neces- 
sary lo  operate  them  is  pro<luc«'d  l»y  a 
separate  closed  tank  which  is  allowed  to 
fill  with  water.  .\  \alve  is  then  o|)ened 
helow  this  tank  ami  the  water  is  thus 
held  in  suspension  \>y  tiie  vacuum  which 
its  weight  has  caused. 

When  if  is  desired  to  lill  or  ciiiptx  tlic 
lock,  as  the  case  may  l>e,  communication 
is  opene<l  l»\'  means  of  a  |>i|>c  Wet  ween 
the  top  of  the  |)roper  si|)lion  and  the  top 
of  the  tank.  'IMiis  causes  a  vacuum  to 
he  formed  in  the  siphon  and  the  waltT 
starts  to  flow.  When  it  is  d<'sired  to 
sto|)  the  flow  communicalion  is  opcin'<l 
l)etween  the  si|)hon  and  the  atmos|>here 
which  al  once  breaks  the  stream  in  the 
siplntn.  The  vacuum  tank  is  connccte<l 
in  such  a  way  I  hat  it  automatically  refills. 

This  typ«'  <»f  lock  is  slightly  cheap«T  in 
first  cost  than  the  lock  of  the  same  type 
with  sul)inerged  valves,  but  its  great 
advajitage  is  the  reducerl  cost  of  o{)era- 
tion  an«i  maint<'nance  through  the  abol- 
ishing of  large  submerged  valves  and  the 
mechanism  nive.ssiirs-  to  operate  them. 

L.  K.  -M. 


ANLMAL  CKLLS  INDKPEXDKAT  OF  THE  BODY 

(.KOWINC   NORMAL  AM)   PA  11  lOI.OdK  Al,    PIS- 

SIKS  Al- THK    KKMinVL  FROM  WIVAH   HOST   - 

KKSKAHCHKS    OF     DHS.  (  AHRFL    AM)    BUR- 
ROWS OF    IIIF  R()(  KHFELLFR  INSTITUTE 

The  lal>orat«)rios  of  tlio  RockclVlK'r  [\\c  I'ratiiiiciil    of  t  issu(>  iiit(»  (he  lympli. 

Institute     ftir     Medical     Research     are  Al     the    end    of    \arious   periods.   re(>x- 

ct»iitinually  niakiiiji  investigations  that  amination      showed      that      the     fibres 

are  of  notable   and   far-reachin<j;  value.  were      longer,      having      grown.     This 

antl    the    recent    work    of    Drs.    Alexis  investigation     efl'ectively     ])roved  that 

Carrel   and    Montrose   T.    Hurrows   on  the     "outgrowth"     theory    of     n(M-\e- 

the  cultivation  of  tissues  after  removal  fibre  develoj)inent    is  correct,  and   that 

from  animals  and   human   beings  may  the  fibres  are  processes  put  out  by  the 

mark   the  beginning  of  studies  that  will  nerve   cells    and    are   specifically    nerv- 

lead  to  the  discovery  of  effective  meth-  ous  in  origin. 

o<ls    for    the    treatment    and    cure    of  "^riiis    discovery    is    most    interesting 

cancerous  and  other  growths.  in    itself,   but    the   great    importance   to 

Some  remarkal)le  work  done  l)y  be  attached  to  it  lies  in  the  fact  that  it 
Prof.  Ross  (i.  Harrison  of  ^'ale  Uni-  opened  the  door  for  further  investiga- 
versity  gave  Doctors  Carrel  and  Mont-  tion  as  to  the  j)ossibility  of  growing- 
rose  their  first  ideas.  tissues  when  entirely  removed  from  their 

Pr(»fessor  Harrison's  study  is  worthy  host. 

of  notice  here  on  account  of  its  bear-  It  is  a  well-recognized  fact   that    tiie 

ing  on  the  work  of  these  investigators  cells    of    an    organism    can    often    live 

in  the  Rockefeller  Institute.  independently  of  the  body  for  a  short 

Professor  Harrison  studied  (•nil)ry-  time  after  removal.  This  is  easily 
onic  trans|)lantation  and  the  develoj)-  demonstratecl  by  the  white  corpuscles 
nient  of  the  central  nervous  system.  of  the  blood  and  at  times  in  the  con- 
It  has  l)een  disputed  by  embryologists  tinuation  of  the  action  of  organs  after 
as  to  whether  the  nerve  fibres  were  mere  remo\al.  The  continucfl  rhythmic 
outgrf)wths  f)f  ner\-e  cells  or  whether  contractions  of  the  hearl  of  a  frog 
they  were  formed  independently  in  after  extirpation  is  a  common  instance 
the  tissues  which  they  were  ultimately  of  this. 

to  supply  and  by  some  means  became  Burrows  in  the  spring  of  }*.)]() 
attached  to  the  nerve  cells  in  the  develojx'd  Harrison's  techniciiH'  for 
ganglia.  In  order  U)  test  this  experi-  warm-blooded  animals  and  was  sue- 
mentally.  Professor  Harrison  removed  cessful  in  <-ultivating  \arious  tissues 
from  embryo  frogs  fragments  of  tissue  from  fragments  reinoxcfl  from  a  sixty- 
containing     nerve      cells     but      which  hour  end)ryo  chick. 

showe<l  no  sign  of  clifferentiation  into  Carrel  with  Burrows  recently 
nerve"  fibres.  These  fragments  were  reported  that  they  have  been  able  to 
placed  in  a  drop  of  lymph  obtained  extend  the  investigation  to  tissues  of 
from  an  adult  frog,  mounted  on  a  hoi-  adult  warm-blooderl  animals  with  re- 
low     microscopical     slide     and     sealed  markable  success. 

with  paraffin  to  prevent  the  specimen  'i'he   method   used   consists   of  extir- 

from  drying  up.  pating   small    fragments    of   the    tissue 

After   a    day  or   two    the    specimens  being     experimented     on,     and     inlro- 

when    examined    under    a    microscope,  ducing  these  fragments  into  a  nicdinni 

shower!,   in  a    consideraf)le    number   of  marie  frmn  some  of  the  blood  plasm  ot 

case>.  nerve  fibres  extending  out  from  the  animal. 


Science    (  't)||N|)eel  i|n  .■">."■> 

riu'sr  xiii.ill  pifcrN  air  plaicd  in  a  caintr  of  unr  ol  llic  Imiii's  of  ||ic  |c<r 
liollou  <^'l;i>N  slitlr,  properly  sealed,  ami  of  :i  woiiiaii  I  liirl  > -li\  e  \»'ars  old.  As 
put  into  an  Ineiiltator  and  ke|it  at  l)od,\'  this  pailienlar  operation  nia>'  lir  of 
t«'inp«'ral  nre.  (ir<'at  eare  lias  |o  he  liistori<-  interest .  t  lie  follow  iii;^'  facts  are 
taken  to  iiiainlain  as  s|ri<-l  asrplie  eon-  ^i\en:  The  patient,  w  lio  had  had  two 
ditioiis  as  ill  surL'iial  operations.  In  pre\  ioiis  operations  for  this  cancer 
ordtT  to  pre\eiil  a  ehillin;,'  (if  the  speci-  was  operated  on  hy  Doctor  ('<»lly  in 
mens  when  liein^'  exainineil  niicrnseop-  the  Memorial  Hospital  in  New  ^ Ork, 
ieally,  the  microscope  used  is  likewise  on  ( )ctolier  -.'7 .  l!Mn.  The^^'rowth  was 
placed  in  a  thermostat  r<';:illaled  to  the  exlirpatccl  and  fiaiiiinnts  of  the  can- 
same  temperature.  icr     were     inoculated     into    a     medium 

In    their    first    scri<'s    of    cvpeiiiuenls  made    from    the    Mood    of    the    jialieiil. 

do^s  ami  cats   were  used.        l"raL:iiieii  I  s  TwcKc    pre|»a!at  ioiis    were    imnle    ami 

of     connecfixc      tissue,      carlilam-     and  ten      of      the     eiiltiires      ^-.iv*'      posili\c 

hone    were    first    tested,    and    llie   e\pei-i-  results    and    slioWC(l     the    produetiiMl    of 

Mienters  were  aide  to  cause  the  forma-  new    cells.      (  )iie   of    these    preparations 

tion  of  new   cells  from  the  pieces  taken.  w  as  st  ill  ali\  c  at   theemlof  a  week. 
They   also   were   sU((<>ssful   in   ciiltixat-  l*ro|)hesi<vs   ar«'   alwa.\s   fraii;^dil    with 

inj^'  the  skin  of  an  adult   fro;:  in  a  simi-  daii^^er,  l»ut  it  do<'s  not  seem  alto;:etlier 

lar  manner.  unrcastuiaMc       to      imagine      that      the 

I'lcccs    of    oru'aiis     welf     lie\l      tested.  further   slud\    of    this    suhject    may    lead 

ami    they    were    alile    to    ::rou     lli\roid  to    a    more    tlioroUL;li    u iidersi andin;;   of 

uland.   spleen    ;ind    kidiie>     tissue.        in  the    iiieeli.inism    of    the    irrowth    <»f    lis- 

tlie     case    of     the     knliiey     I  is-ue     they  sucs  liolli   normal  and   jiat  holo^'ical  and 

ohtained   evidence  of    the   format  ion    of  as    a    r<'sull     lead     to    I  lie    disco\cr.\'    of 

new  urinary  tuluilcs.  means    to    inhiKii     I  lie    dc\-elopineiit    of 

A  further  study  pro\e<l  that   if  tlnvse  ahiiormal  ;:rowllis. 
new  cells  were  remo\-e(l  and   plac<'d   in  It   also  may   |)eniiil    I  lie  study  of  the 

a   fresh    j)las!n    medium     they   could    l)e  ;:rowtli   of  li\  in;:  tissues  when   iiif<'ited 

made     to     proliferate     further     and     a  with  disease-proclucin;^'  ;:erms  and   lead 

secomi    <;eneraliiui    from    the   lirsj    eiil-  to  a  heller  underst  andinu  of  numerous 

tur<'  of  cells   was  thus  made,      'j'lie    tis-  jiarasit  ic  diseases. 

sue   of    the    thyroid    ;:laiid    was    used    in  The    field    that    has    liecn    o|iened    hy 

this  I'Xperiincnt.  these  invest  i;:ators  seems   to  he  a    lar;:e 

In  a  second  rejxirt    from   these  wiuk-  and   proinisin;:   one.    and    it    is   not    iiii- 

ors,    they    i:i\e   an   account    of   the   sue-  prohahle     that     it      iiia.\     mark     another 

cessful    eulti\atioii    of    fra;:inents    of    a  ;rreat    adxance    in    the    history    of     hio- 

very  mali;:nant  cancer  (sarcoma     when  lo;:ical    in\  est  i^rat  i«Mi.   an    advance    that 

removj'd   from    IIm'   liody.      The   cancer  will     ;:i\e     to     mankind    more    effective 

experimented    on     was     one    affecting  means  of  comhatinf:  those  diseases  wliieh 

fowl.      It   was  found  that    the  new  can-  annuall.v    take    a    freinend(nis   foil,   and 

c<'r   cells    were   forme<i    \ cr.x    soon    after  a;:ainst    which    modern    sanilaticui  is    all 

the   |)reparation    was    made,    the   tissue  Imt    powerless  s.    .M.   a. 

showing  activity   in   some   instances   in 
two    and    one    half    lunirs.      A    second 

j^eneration    of    tlicsc    cancer    cells    was  li'   to    Deeemher    1-t    the   .Viro   Cliih 

also  ()l)tained.  of  France  had   issued  over  -^70  licenses 

It  is  a  natural  stej)  from  an  in\e,sti;,'a-  and    the    total    numher    of    aviators    in 

tion  of  animal  eaneer  to  that  of  human  the  world  was  ahout  .>()().     The  deaths 

orifcin.  an<l  Doctors  Carrel  and  Burrows  had  heeii  ahout    (!  per  r-ent.     The  total 

were  similarly  successful  in  cultivating:  distance    flown    may    he    estimated    at 

a  human  cancer  1  also  a  sarcoma ).  l-i.J.OOO   mih-s.  or  one  death    for  4.U!fJ 

The     case     reported     hy    them     was  -^-.S  miles. 


EVOLrTUA'  i)F  THE  MLTHA>riCIU)SCOPE 


DKSCHIPTION  OF  IIIK  AIM'AKATUS 
WHICH  WOn.l)  MAKK  A  inLMAHD 
HA  1.1.  LOOK  1\\I;M\  ri.MKS  AS 
HIGH    AS    THE    SINGER    lU'ILDING 

HY   ELLWOOD    n.   SI>KAI{ 


WluM)  the  German  tMiiixTor  in  tlu' 
leizeiul  «>f  the  "Spinfacular  Ruin"  hv 
Mark  Twain  decreed  that  all  his  pcoplr 
should  wear  spectacles  the  stockholders 
in  filass  factories  in  those  days  douhtless 
joined  heartily  in  *' Lon.u  live  the  kiui-." 
Incidentally  science  fj;ot  a  forward  i)ush 
because  every  man  wore  on  his  nose  the 
simplest  form  of  microscope  that  has 
yet  been  devised  by  the  employment  of 
jllass.  The  most  wonderful  niicrosc()j)e 
is  the  eye,  and  if  our  vision  becomes 
•iimmed  by  old  aije  or  overwork  we  aid 
this  perfec-t  instrument  with  a  sinij)lc 
form  of  microscoi)e.  viz.,  spectacles.  We 
can  see  better  with  glasses  on  because 
the  letters  and  the  spaces  between  the 
letters  appear  to  be  larger.  The  increas- 
ing of  the  size  of  the  picture  that  an 
object  makes  on  our  brain  is  the  chief 
function  of  the  microsc(jj)e. 

A  very  simple  little  microscope  may 
be  made  from  a  droj)  of  water  or  a  tiny 
bulb  of  glass  filleci  with  water  or  other 
transparent  liquid.  Take  a  piece  of 
win«lr)wi)ane  or  a  glass  plate  and  grease 
the  surface:  place  two  tiny  particles  of 
sand  side  by  side  and  on  one  let  a  very 
small  drop  of  water  fall.  The  drop  will 
assume  a  spherical  shaj)e  on  the  greased 
surface  anfl  it  will  be  seen  that  the  par- 
ticle under  the  drop  ai>i)ears  much  larger 
than  the  other.  In  fact,  an  object  viewed 
through  a  curved  transparent  surface 
appears  enlarged.  This,  then,  is  the 
secret  of  the  betterment  of  our  vision  by 
means  of  .spectacles,  the  center  of  the 
glass  is  .somewhat  thicker  than  the  edges 
and  we  are  therefore  looking  through  a 
cur\-ed  surface.  The  picture  that  reaches 
our  brain  is  thus  increased  in  size,  and 
the  amount  of  increase  depends  upon 
the  degree  of  curvature;    that  is  to  .say, 


the  tiearcr  I  lie  surface  api)n)aches  to 
being  sjjjicrical  the  larger  the  piclurc  will 
become.  The  increase  also  depends  upon 
the  material  of  which  the  lens  is  made 
because  some  sul)slaiiccs  enlarge  the 
picture  nnich  more  than  others.  A 
l)iece  of  transparent  substance  with  a 
curved  surface  u.sed  for  enlarging  the 
picture  of  any  object  is  known  techni- 
cally as  a  "lens"  and  the  enlarged 
picture  itself  is  called  the  "image." 
Spectacles  and  microscoj)es  arc,  there- 
fore, inanimate  candidates  for  member- 
ship in  the  Ananias  and  nature  fakir 
clul)s  because  we  .see  only  the  image  of 
the  object  in  question  and  not  the  true 
picture  that  the  unaided  eye  would 
otherwise  give  us. 

Simj)le  micro.scopes  such  as  we  have 
been  considering  have  been  used  since 
the  earliest  times.  Al)out  the  .seven- 
teenth century  some  Edison  of  tho.se 
days,  believing  in  the  })rinciple  of  push- 
ing a  good  thing  along,  conceived  the 
idea  of  putting  two  lenses  one  upon 
another,  and  thus  still  further  in- 
crea.se  the  duping  of  the  eye.  This 
.sort  of  instrument  is  known  as  a  "com- 
pound "  microscoi)e.  The  splendid  instru- 
ment s  of  the  present  day  are  made 
on  essentially  this  princi[)le.  The  W'ell- 
diggers  in  the  local  option  districts  also 
contributed  to  the  evolution  of  the  mic- 
roscope by  rediscovering  what  was  known 
to  the  cave  dwellers,  namely,  that  the 
stars  coulrl  be  seen  in  broad  daylight 
from  llie  ttollom  of  a  well  without  let- 
ting a  brick  fall  on  the  operator's  head. 
Em[)loying  this  i>riiieij)le  scientists  dis- 
covered that  an  object  could  be  seen 
much  more  distinctly  through  n  micro- 
scope if  the  lenses  were  enclosed  in  a  tube 
.so  that  no  light  came  in  from   the  sides 
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lirlufcii  tlir  olijcci  ami  llic  ()|nTal<ii"> 
v\r. 

A>  a  iii'\|  ^lr|(  it  ua^  fniiiid  thai  it"  tlic 
spiMi"  an>iiinl  liny  paili<lr>  were  li;,'liltil 
fnmi  iimltTiifaf  li,  llir  particles  tlicm- 
s('l\('N  Kfiiii:  ilarkcr  coiild  lie  st'cii  ;i^aiiisl 
tin-  \\cll-li;,'lilf<|  Itack^roiiiKJ,  iinidi  lict- 
l«T  flian  if  III*'  li^'lil  wrrv  allowed  to  fall 
<lirc»ll>'  oil  llir  oltjcci,  and  lliis  priii- 
cipli-  i>  cinplovrd  in  nm^l  iniiinNCdpic 
work.  riir  limit  of  tin-  rnlar;z<-iii('nt  1)\ 
iiu'aiis  of  this  type  of  niicroscop*'  isahoiit 
1. .')()()  tinio.  The  siiiallot  |)arli(ic  \  i>il>lc 
to  thr  nakt'd  «•>(•  i^  ahoiit  l-l(!lHh  pari  ul' 
all  inch  and  the  liniil  <>(  the  microxtipc 
would  therefore  Ix-  roiiu'hl>  I -•,'.■■>(  I. (KtOt  h 
t»f  an  inch,  if  w*-  could  look  at  a  ]iea 
tlirou;;h  our  nio^l  powerful  microscopes 
it  woiihi  a|)|)ear  !<•  Ite  a  liiljie  ^lohe  fiflt-eii 
feet  hi;;li  and  to  contain  enough  material 
to  mak*'  soup  for  a  ^'ood-si/ed  tow  ii.  A 
l>illianl  l>all  \iewcd  under  these  circum- 
stances would  apjx'ar  a^  hiirii  as  tin* 
Siuirer  liiiildint:  in  .\«'w  ^  ork. 

I'he  human  mind  is,  however,  never 
satisfied  and  scientists,  appl.v  in;:  I  he  wet 
cloth  and  ice  once  more  to  their  lemples 
rcali/ed  thai  the  electric  lights  df  a  city 
can  l>e  s<'«-n  much  fart herat  ni^dd  I  lian  dur- 
ing: the  dayfiuK';  in  other  words,  a  li^hteil 
Ixxly  shows  u|)  Itcst  a;:ainsf  a  dark  hack- 
^iroimd.  Two  of  these  scientists.  Sie- 
dentopf  and  /siirmdndv.  saw  that  the 
prin<iple  einplov  ed  in  iheonliuary  micro- 
.scope  for  viewing  verv  small  liodies 
was  wrou^'  and  that,  instead  of  liiihtin^' 
u|i  the  space  around  llic  particles  and 
lookini:  at  them  in  the  shadow,  we  should 
li^'lit  up  the  particles  themselves  as  much 
as  possible  and  keep  everv  thin^'  else  dark. 
If  a  ray  of  sunjiuht  is  allowed  to  come 
into  a  darkened  room  through  a  small 
hole  in  the  shade  where  sweeping  or  dust- 
ing has  been  going  on  the  path  of  the  ray 
across  the  room  is  plainly  visiUh-  if  one 
stands  at  right  angles  to  the  direction  in 
which  the  ray  is  going.  A  glass  of  tiirhid 
water  held  in  the  ray  shows  the  same 
phenomenon.  This  is  technically  known 
as  the  Tyn«lall  effect  and  is  named  after 
the  famous  physicist. 

This,  then,  is  the  principle  on  which 
the     "ultramicroscope"     is     constructed 


ami  Is  till-  same  I)V  which  wc  sd-  the 
piaiicls.  Thr  siiii  s||im•^  oil  the  nuKiii, 
Wir  instance,  ami  she  is  |)lainly  visible 
to  Us  against  the  Mack  space  Itcyond. 
llic  ultramicroscope  is  then  an  iiistru- 
iiieiil  for  throwing  inleiise  light  on  the 
small  |»artic|cs  Ihemselves  and  not  allow- 
ing aii.v  of  this  Ji^dil  to  cuine  into  the 
observer's  eve  except  IJial  which  is 
{•clleejed     from     the    particles.  ll     sjmuld 

lie  Holed  lliat.  c(  ill  I  la  i_v  to  the  popular 
conception.  the  ult  laiiiicroseopc  has 
nothing  to  do  with  ultraviolet  rays.  It 
is  called  "ultra"'  because  it  makes  v  isi- 
lile  particles  that  are  "  bevond  "  the  range 
of  the  ordinary  microscope. 


I'igure  1  is  a  cut  of  /siMiii(,|id\  's  ullra- 
microscope  wilii  its  stand.  .M  is  an 
ordinary  microscope  of  low  power  and 
the  particles  to  be  viewed  are  brought 
under  -M  in  a  lit  lie  vessel  e  Fig.  -..'  which 
is  made  of  quart/  or  glass.  All  the  appur- 
tenances from  K  to  F,  are  merely  lenses 
employed  to  condense  the  light  rays  at 
the  jioini  directly  under  the  mi(Tf).scf)j)e 
where  the  particles  come,  or  an*  dia- 
phraius  to  cut  off  all  the  iis<'less  rays  that 
would  oIlMTwise  disturlt  IIm*  illumination 
of  the  particles.  The  light  which  enters 
at  F  is  either  the  direct  rays  of  the  sun 
or  those  of  a  jMiwerful  are  lamp.  l*arti- 
cles  of  siich  small  «liinen.sions  nnist,  of 
course,  be  suspended  in  some  suitable- 
medium     like     water     or     other     lifpiid. 
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IraU'^paroiit  >oli(l-<  ■>u«h  a>  i;l;i>>  may 
als«>  ho  u•^^^l.  Tlio  limit  oi  \i>il)ilily 
with  llu"  lilt  ram irroscopr  is  ntuuliix 
l-j.(Hm.(IO()of  an  iiicli;  that  is  to  say  that 
a  parli«'lr  may  In*  \i««iltlo  with  tliis  inslni- 
nuMit  that  is  twenty  timos  too  small  to 
l)t>  >t'rn  unth'r  an  onlinary  microscopr. 
H«Tt'  ai:ain  tho  instrunuMit  is  a  dccrixcT 
Kocauso  wo  «lo  not  soo  tho  particlo  at  all. 
hut  moroly  a  halo  of  li.u'ht  that  is  roHoctod 
from  its  surfaco.  A  pea,  tlion,  ilhimi- 
n-ito.l  l>y  tho  uitrainiorosoopo  would  a|)poar 
as  a  huiro  hall  of  firo  a  ooui)lo  of  huiidrod 
ftH't  in  tlianu'tor. 


Fig.  2 

The  ultramicroscoi)e  has  made  pos- 
-sihle  a  much  more  thorough  .study  of  a 
great  many  liquids  containing  very  small 
susj>endefl  particles  and  technically 
known  as  c<)lloidal  sfdutions.  An  article 
on  this  suhject  will  apjjoar  in  a  later 
is.sue  of  Science  Conspectus. 


TJIK      AXC  IKXTS     ISKI)      HEIX 
FORCE])  (()\(  UKTE 

It  will  he  something  of  a  surprise  to 
learn  that  the  art  of  making  reinforced 
concrete  is  not  an  invention  of  recent 
years  as  might  be  supposed,  hut  is  now 
known  to  rlate  hack  to  a  period  heff)re 
the  hirth  of  Christ.  Mr.  II.  K.  Dyson, 
in  the  course  of  a  recent  arldrcss  in 
Ix»ndon,  England,  descrihed  the  con- 
struction of  the  roof  of  a  Roman  -tomh 
built  earlier  than  100  B.  C.  Tliis  con- 
sisted of  a  .slab  of  lime  concrete  in  which 


hron/o  rods  were  plnrcd  crossing  each 
other  to  roriii  a  I'ciiit'orciug  lattice 
work.  .Masonry  roiiii'orcod  hy  timber 
and  tiles  was  not  uncommon  in  Rome. 
One  point  of  the  groat  wall  of  China 
on  treacherous  subsoil  was  built  on  a 
kind  of  concrete  raft  in  wiiich  tind)ers, 
roods  and  rushes  wore  imbedded.  The 
first  printed  suggestion  embodying  the 
idea  of  tho  reinforced  concrete  of  mod- 
ern times  a|)pearod  in  IS.'JO.  It  was 
then  suggested  that  fiat  roofs  could  bo 
made  of  cement  with  a  lattice  work  of 
iron  rods  thickly  imbedded  in  it,  and 
the  whole  covered  with  (lal  tiles.  In 
1<S4()  similar  constructions  wore  used 
for  floors  in  Paris  although  the  material 
used  was  plaster  of  Paris  instead  of 
concrete.  It  was  found,  however,  that 
plaster  of  Paris  caused  imbeddecj  iron 
to  rust,  and  it  is  probable  tho  delay  in 
the  development  of  reinforced  con- 
crete construction  was  due  to  tho  lack  of 
suitable  cement.  Portland  cement  was 
invented  in  lS'-24,  but  it  was  not  manu- 
factured in  large  (piantities  until  many 
years  later.  The  first  real  inventor  of 
reinforced  concrete  in  the  modern  sense 
was  a  i)lasterer  of  Xewcastle-on-Tyne, 
who  took  out  a  ])atent  in  1854.  In 
America,  W.  E.  Ward  erectefl  a  build- 
ing in  187.3  containing  reinforced  walls, 
floor  beams  and  roof.  Ernest  L.  Ran- 
some  who  developed  modern  reinforced 
concrete  construction  in  this  country 
was  among  the  early  patentees  cover- 
ing methf)ds  largely  in  use  today. 


"COASTING"  OX  RAILROADS 

Rp:<  KNT  tests  on.  ele\ated  roads  in 
Xew  ^'ork  and  in  the  Philadelphia  sub- 
way have  indicated  that  a  saving  in 
power  of  from  twenty-five  to  thirty-five 
per  cent,  may  he  accomplished  hy  judi- 
cious "coasting" — that  is.  allowing  the 
cars  to  run  by  tlicir  momentum 
with  the  current  turne<i  off.  In  this 
connection  it  is  interesting  to  note  that 
on  the  Second  Avenue  line  in  Xew  York 
a  chec-k  is  kept  on  motormen  by  coast- 
ing clocks  on  th(;  trains  whirh  automati- 
cally indicate  what  part  of  the  total  run- 
ning time  has  been  spent  in   coasting. 


POSSIHLK  I.M.Ml  Nrr\'  IHOM   LKTKoSN' 

i:\i'i:i{iMi;\  r-  oi-  dk.  di  \  \i.  wiik  ii 

M\^    1,1, \i)    i()    I  in:    l)l-(()\l;H^    oi 

.\    -i;i{i  M    (  \i'\i'.i,i:    oi     (OMi'.v  ri\(. 

rill,  i\i  i,(  ri(t\   i\  M  \\ 

I.i:i'm)^\    In  ;i   dixax-   tli.il    lia^  always  llii-    he    Jiaij    to    iiii\    liis    malcrial    uilli 

Im'«'|i    iii(»t    wiijrly    Icarcd   ami    an   nccas-  aiiiu-lia    and   ccrlaiii    hactcria   <a|)al»lf   of 

iuiial  ras«'  in  a  Ideality  ulicrc  llic  disease  ^rouiii;:  willi   lliese  low  forms  of  animal 

is     rare     heeomo     an     al)sorl>in^     lo|)ie  life.      .\^  a    result    lii<>  <iiltnre>  contained 

(liron<:lioiit    a    wide   area.        'The   stran;,'e  ill  anmlia',    -,' i  |  he  ol  li<-r  ailded  l»aeteria. 

nature  of  the  dis«'ase  and  llie  mutilation  (.'{)  leproN\    liaeilh  and  llierefore  were  not 

that     it     ofti'ii     causes    cnniltined    with    a  pure  cull  nres. 

I^eiieral      i^Miorance     of     il>     nature     and  I  )r.    ('Iiarle>    \\  .     |)u\al,    professor    of 

ancient    historical    accoiuits,    ha\c    ^i\"en  patliolot:\    and     l)aeleriolo;i.\ .   at      Tnlane 

rise   to  a   f^'reat    feelirii.'  of  <lread   for   the  I  ni\<'rsity.    lias    reeentl>-    heen    ahle    to 

leper  atid,   in   eonse(|uence.   unfortunates  make  impntvcments  in   tin-  liacl«'riolo^i- 

sutferini,'    from    the    disease    liaxe    often-  cal   te<hni(pie  in   le|)ros\-   that    ma_\'   have 

times  Keen  most    harshly  and  inhumanly  an   important    hearing  on   the  pre\ent!on 

ilealt  with.  and  cure  of  I  his  al)horrent  disease. 

It    has    liccn    well    eslaMishccj    of    late  \)v.    I)u\al  coufirm.s  ("lejj^'.s  work  and 

years    that     the    disease    i>     not     acutel.x'  further     rcport.s     that    he    lias    heen    ahh- 

<-<»ntajii<)Us    and    that    a    short    |)eriod    of  to  ^rou    the  or^^anism  in  pure  culture  on 

contact    with   a    leper   is   prol)al>l\'    ne\(r  a    medium   composed   of  pieces  of  sterih; 

sufHcient  to  produce  a  fresh  case.  hanana   treated  with  solutions  of  certain 

In     l!M>!)    there    were     1.'5!)    rec(»uni/et|  oruanic    salts.      He    was    altle    to    isolate 

oa.ses  in  the  I  nife(|  States,  7(J4  in  Hawaii.  the  orj,'anism  from  four  cases  of  leprosy, 

and   '2.. '{;{(!   in    the    I'hilippines.      ll    must  The  orj^anism  ^rows   slowly  and.    unlike 

he  reinemhered.  however,  that   there  are  other  disease-producin<;  l»act<'ria,  de\e|o|)s 

some     un recognized     ca.se.s,     and     oilier  more  rapidly  in  I  he  |»resence  of  light  than 

cases     which,   although     correctl.\'     diag-  if  ke|)t  in  a  dark  incuhator. 

nost'd.  are  not    lirought    to  the  attention  The   experimenter   was   ahh-    to   traris- 

<)f  the  healt  h  ant  hcwit  ics.  uiil      the     disease     to    Japanese     dancing 

The  treatment  of  the  le|)er  in  the  past  mice  li.\   inoculating  some  *>(  the  cultures 

has   heen   n<'arl.\'   ho|)e|i's^.   although   cer-  thus     ohlaineil.     These     animals     de\e|- 

tain  American  doctors  in  the  I'hilippines  (tped    ty|)ical    lejirous    lesions    in    four   to 

have     obtained     some     improvement     in  eight   weeks  after  tlu'  organism  had  Ikvm 

ca.se.s  of  leprosy  l)v  treatment  with  a  sul»-  introdu<ed     into     their     systems.     Stigai 

.stance  ktiowii  as  nastinc  ha<l    previously    demonstrated    that    tlii.s 

The    parasite    that    causes    the    dis<'ase  speci<'s  of  mouse  was  suscej)til)le  to  lep- 

was  discovered   hy   Hansen   in    1874  and  rosy  hacilli  that   had  heen  taken  din-clly 

is  known  as  the    harllhis    Icpnr.      Man.v  from  the  tissues  of  a  leper, 

attempts   have  heen   made   to  grow   this  Doctor  I)u\al  found  that   guinea-pigs, 

organism    in    |)ure    culture    on    artificial  rahhits.    rats    and    ordinary    mice    were 

nieilia  hut  without  success.  apparently    immune,    as    none    of    these 

Clegg  in  the  Phili|)pines  was  able  to  animals     showed     any     result     folh)wing 

grow    organisms    ohtained    from    lepers.  inoculations  with  the  cultures, 

similar   to   and   prohahly   identical    with  It  is  a  well-known  fact  that  there  are  a 

the  leprosy  hacillus.   hut    in  order  to  do  numher  of  organisms  which  show  niorjjho- 


(id 


n-itMUT   ( \)nsj)('cl  11.* 


logical  and  stainiuj:  fliai;ulrri>ti(s  simi- 
lar to  those  of  tlio  leprosy  hacilhis. 
Aiuonjrst  those  mijiht  l>e  iiientitmed  llu> 
Karillus  of  tul>ereul«»sis  and  certain  other 
non-disease-prodiieinix  orjianisnis  fonnd 
in  irrasses  and  at  times  in  hnlltM-  and 
other  dairy  jiroduets.  Doctor  Dnval 
considers  these  and  ijives  evidence  to 
prove  that  the  cultures  he  oUtained 
from  the  human  tissues  of  the  four  cases 
are  true  leprosy  bacilli  and  not  anv  of  the 
sj>ecies  referred  to  in  the  ))recediii,ii 
senteni-e. 

Doctor  Duval  states  that  "the  suc- 
cessful cultivation  of  the  hacillii.s-  lepra' 
and  the  fact  that  the  cultures  retain 
l)athoi:enic  i)roi)erties  are  of  commanding 
importance  in  respect  to  a  possible  pro- 
duction of  an  artificial  immune  serum 
for  comhatinj;  the  infection  in  man." 

Work  alonj;  this  line  is  already  in 
procrress  in  Doctor  Duval's  laboratory 
and  it  is  to  he  hoped  that  as  a  result 
vaccines  or  sera  may  he  produced  that 
can  be  used  for  both  curati\<'  and  j)re- 
ventive  ]>urposes. 

The  full  paper  by  Doctor  Duval  is  pul)- 
lislied  in  The  Journal  of  Experimental 
Medicine,  Vol.  12,  No.  5,  pp.  649  66.5. 

S.  M.  G. 


A  J'liOBLK.M  OV   TKLKl'llOM-: 
DKVELOPMHXT 

A  PAPER  was  reafl  by  John  J.  ("arty. 
general  engineer  of  the  American  Tele- 
phone and  Telegraph  Company,  and 
menil»er  of  the  Society  of  Arts,  before 
the  International  Conference  of  Euro- 
pean Telephone  anrl  Telegraph  Admin- 
istrations at  Paris  in  Sepfembcr.  in 
which  he  com[)ared  automatic  tele- 
phone machinery  with  manually  oper- 
ated apj)aratus.  His  analysis  brings 
out  the  relative  merits  of  machinery 
and  trained  operators  in  the  tele[>hone 
field  and  shows  that  the  Bell  apparatus 
now  used  contains  many  automatic 
features,  but  is  generally  controlled  by 
<^)perators  at  the  central  exchanges. 
He  showed  that  in  the  so-called  auto- 
matic systems,  many  skilled  mechanics 
are  required  to  keep  the  apparatus  in 


working  coiidil  ion  and  in  atlcndiug  lo 
special  i'lass(\s  of  calls.  In  point  of 
fact,  neither  system  is  wliolly  auto- 
matic or  w  liojlx  uiauiial.  and  tlic  prob- 
lem is  to  liiid  out  to  wiiat  cxtcMit  it  is 
desirable  to  cni|)loy  iiuman  agency. 
The  success  of  the  Hell  system,  in  the 
face  of  almost  o\(>rwhclming  obstacles, 
shows  how  much  can  be  accomplished 
by  vocational  training  of  telcj)lionc 
operators  and  by  i)ro\iding  them  with 
the  l)est  and  nH)sl  convenient  means 
for  increasing  expedition  and  accu- 
racy. The  subject-matter  of  this  pa])er 
is  receiving  the  greatest  attention  in 
\iew  of  the  enormous  dev(>lopment. 
that  is  constantly  going  on  in  the  tele- 
plionc  licid. 


THE    ECONOMICS    OF     RAILWAY 
ELECTRIFICATION 

TiiK  (piestion  of  choosing  between  the 
different  systems  of  electrification  for 
steam  railways  is  rather  an  economic 
than  a  jjurely  engineering  problem. 
Roughly  it  aj)pears  that  the  co.st  of  line, 
etc.,  is  much  less  for  the  alternating 
current  .system  than  it  is  for  the  direct 
current  .system.  The  cost  of  the  alter- 
nating c-urrent  motors  is  greater  than 
that  of  dir(>ct  current  motors.  From 
this  it  will  be  se(>n  if  100  mihvs  of  track 
were  to  be  electrified  and  one  locomotive- 
u.sed  the  most  economical  scheme  would 
l)e  the  alternating  current.  If,  how- 
ever, one  mile  of  track  were  to  be  elec- 
trified and  100  locomotives  u.sed  the 
direc-t  current  would  be  the  most  econom- 
ical. 

In  deciding  which  of  the  two  .systems 
lo  use,  it  is  necessary  to  strike  an  econ- 
omic balance  between  the  (ir^l  cos!  of 
the  line  and  the  first  cost  of  the  loco- 
motives or  motors.  When  many  motors 
are  run  comi)aratively  short  distances 
the  direct  current  appears  to  have  the 
best  of  it.  When  a  smaller  mimber  of 
motors  are  to  In-  moved  long  distances 
the  alternating  current  would  seem  to 
be  more  adxanlageons.  It  is  evident 
that  the  jjroblem  is  not  .sf)  much  one  of 
pure  electrical  engineering  as  it  is  of 
broad  engineering  economics.      L.  e.  m. 


SCIKXIIFR^   MF/niol)  IN   IM  HLK'  WoKKS 

At     llic   (llUt    IllCftiim   of    the   SiMirt\     of  call      people     lilav      Well      lie     pioinl     (il      t  lie 
Arts    held   nil  Deeeiiilier    l.I.  Mr.  ^^lui■^    k.        |•e^lllfs  heiii;^'  olitaitied   from   I  lie  ('Mi(i«MMV 

Kniirkr.    >iip('riiil»'ii(h'iit    of   >treeK.    lios-  slaiidpoiiil .       Tlic   Istliiniaii   ('iiiial  ("oiii- 
loii.   •^pok«'  on   "  riic  Sci('iilifi<-   Adiniiiis-       mission  itself  I  consider  a  useless  iipp«'iid- 

tratioii    of    I'liMie    Works."        He    said    in  a^e   to  the  or^'aiii/.al  ion.  and    I    was   \er\' 

pari;  sorr\    t(t   see    the    Mann    iiill,    uhieh    pnt- 
Tiie     ualeliwtird     of     the     present     da\        \  ided  for  t  he  altolishiiieii  I   of  t  he  loiiiniis- 

scenis  to  Ih'  "'eliieienev  .'"       In   fact,  iiiaii\  sion.  pi<,'eon-lioled. 

jM'ople  are  deniaiidiiiu'  t'tliiicney    in   piili  I  |)   l<»  .Inly.    I!M)7.   the  or^arii/ation  of 

lie   work,   national,   state  aiiil    innnieipal;       the     Panama    (anal    work     was    entirely 

not  onl>(lemandin;X  it.  hill  scciirin;:  it   l<>  fiinetional.      \\  I  his  t  iiiie  a  radical  cliaii^*' 

>onM'     extent.      I     think     there     is     more  was   m.idi'  in   the  (iilelna   division,  iiiak- 

wasl«'   or   inellieieiic.x    from    the   improper  iiiu'     'he     oi^aiii/atioii     of     this     division 

handlim:    of    men    than    from    any    otiii'r  almost     entirely     territorial     rather    than 

source.       The  sliid\df  ellicient    handling  functional.      In    the  fall  of    1!M)7    the    ter- 

of     men     is     not     j^'iveii     the     importance  ritorial    orjiani/.at  ion    was    applied    to    all 

which    it    seems   to  deserve   in   our   scieii-  the     constructive    eiif^diM-erini:     work     on 

tifie     institutions,      'rh,-     >|iideiil     is     left  the   /one  and    since   the   fall   of    |!M)7    this 

10  hamlle    this    siilijecj    as   cliaiice   or    his  form    of    or^ani/al  ion    has    heen    adlier<'d 
own  will  may  dire<t    after  leaving  school.  lo,  and    the   improved   results  have  jiisti- 

11  sci'ins  to  me  that   much  more  mi<,dil   he  lied  it. 

«lone  than  is  l>ein>,'  done  l»y  our  technical  W  hen  I  came  to  Ho«.toii  as  siiperinteiid- 

iiislitulions   to   <,'ive    the   student    a    start.  cut    of  streets    I    found    tlw  street    depart- 

at    least,   in   this   very    important    siiliject  nient      in     much     hetter     shape     than      I 

of  hanillin^'  men.      In  iii.v carerr.  at  le.is|.  expected,    a    condition    which    I    consider 

the   trreatest    |)rol>leni    has    heeil    to    seeinc  due    to    tli<-    eHici<-|icv    of    my    pre<|ece>,>oi-. 

eflieient    work   from    men.      To   iii.v    mind  Mr.      I'lmerson.      In      lookiii;:     over      the 

the    first    principle    in    seciirinj,'   elliciency  ^'roiind,   however,    I    found    three  depart - 

is  to  eonceiit rate  .iiithority  and  responsi-  ments  whose  work  overlapped  each  other, 

I'ilify.  so  that   in  some  cases  it   was  an  impossi- 

For   this   reason    I    have   not    much    use  hility  to  fix  responsiliilit  v  for  work  which 

for   hoards   or   c(tmmissioiis   as   executive  was  not   done  at   all  or  improperly  done, 

forces.       Lar<,'ely,  wherever  a  commission  TIk'sc   departments    were    the    city   eii^'i- 

aceomplishes    f,'oo(|    work    it    is    owinir    to  m-er's   de|iarl  meiit ,  t  he  uati-r  depart  ment 

the  |)redoininanee  of  some  one   meniher.  and  the  street   department.      I   found  the 

Whenever  there  are  .several  predominant  city  enj;ineer*s  dipartment    had   no  fixed 

meinlxTs    or    none    at    all    very    little    is  responsihility  or  authority,  with  the  pos- 

accoin|)lished.     The    most    eflieient    piil)-  sihle  exc<-|)tioii   of  new   lirid^e   w(»rk.      It 

lie  work   I  know  of  in  execution  today  is  is    praclically    a    eonsidtin^    department 

the  Panama   ("anal.       Our  national  anv-  witlioiit  executive  authority. 
<M-nment    will    spend    ahoiit    .'57.)    millions  The    water    department,    with    practi- 

on   this  ^'ii^antie  work.     Something'  over  cally  all  of  its  work  in   the  streets,   was 

two  thirds  of  this  amounr  has  heen  .spent  independent    of    the    street    department, 

up  to  date,  of  whieh  about   100  millions  The    street    department     whieh     is     the 

has  been  spent   in   wa^es.     The  work  is  large    executive   engineerinf,'   dej)artmenf 

practically  all  done  hy  day  lahor  under  of   the  city,   anrl    I    might   .say    the   chief 

the  supervision  of  men  most  of  whom  are  i)olitical  department  of  the  city,  was  inde- 

<educated  and  trained  in  the  line  of  work  pendent    of   the  other   twf)   departments, 

ivhich    they    are   directing.     The   Anieri-  It  .><eemeri  to  me  that  this  form  of  organi- 
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/atioii  or  ilist)ri:;ini/.alion  toiulod  to  iiu'fli- 
citMU'V".  1  tliorcfon*  had  tlu"  law  (U'])arl- 
nuMit  proparo  an  onliiiaiur  hriiiiiiuii 
these  three  separate  (U'part meiils  imder 
one  heail.  This  ordinance  was  passed 
l)y  the  eouneil  and  appro\t'd  In  the 
mayor  to  take  effect  Fel)rnarv  1. 

I'nder  the  proposed  ori:ani/.at ioii  of 
this  new  department  the  territorial  torni 
of  organization  is  adopted  as  far  as  pos- 
sible. The  department  will  he  divided 
into  three  divisions,  each  under  a  division 
eniiineer  whom  I  consider  an  exi)ert  in 
his  line.  The  divisions  will  he  the 
underixround  division,  consisting  of  the 
sewer  and  water  works,  the  overurouiid 
division,  consisting  of  the  street  paving, 
lichtinir.  cleaning,  oilinj;,  watering  and 
the  handlin.il  of  refuse.  The  bridge  and 
ferry  division  will  handle  all  the  bridge 
work,  grade-crossing  work  and  the  fer- 
ries, which  may  be  considered  as  float- 
ing bridges. 

If  this  plan  works  out,  and  the  only 
reason  why  it  might  not  work  out  would 
be  the  incomi)etency  of  the  head  of  the 
department,  the  city  will  receive  greater 
l)enefit.s  from  increa.sed  efficiency  and 
a  field  will  be  opened  to  engineers  in 
munici|)al  work  which  has  been  too  long 
clf>sed. 

In  speaking  of  the  plan  possibly  fail- 
ing from  the  incomiK'tency  of  the  head 
of  the  department,  the  head  of  this 
department  nnist  be  an  executive  engi- 
neer who  knows  how  to  handle  men  as 
well  as  to  advi.se  on  the  merits  of  engi- 
neering plans.  He  must  have  backbone 
enough  to  run  the  department  on  the 
'*»f|uare  fleal"  ba.sis  and  not  alk)W  irre- 
sj>onsil)le  pef>j)le  to  dictate  what  he  shall 
do.  . 

In  the  promotion  and  emplo\iiig  of 
men  in  the  department  efficienc\-  will 
have  "the  first  consideration.  The  criti- 
cism of  this  organization  has  been  made 
that  by  it  we  are  liable  to  drag  the  engi- 
neering department  into  politics,  wliifh, 
up  to  date,  has  been  kept  out  of  politics. 
.\-.  I  have  already  stated  there  is  not 
much  left  of  the  engineering  department, 
and  as  to  its  being  out  of  politics,  oj)in- 
ions   may   differ  on    that    point.      How- 


ever, as  regards  eiidangernient  of  llie 
deparluieul  on  account  of  politics,  llial 
de|)(Mids  entirely  on  I  lie  coinuiissioner 
and  his  di\ision  cngiiieeis.  If  they  are 
the  proper  men  for  the  ]>laces,  nothing 
will  interfere  with  them;  if  lliey  are  not 
they  should  be  rt'placed. 

There  is  just  as  nnu-h  chance,  if  not 
more,  for  ])()litics  to  interfere  willi  the 
present  organization  as  llieie  will  be 
with  the  new  de])artnienl ;  in  fact,  there 
is  less  chance  for  i)olitic:d  interference  in 
the  new  organization  because  ll;e  organi- 
zation will  call  for  only  one  political 
aj)pointce  whil(>  the  present  organization 
calls  for  three.  Criticism  has  also  been 
made  that  the  connnisisoner  is  his  own 
engineer  of  design  as  well  as  execution 
and  that  it  will  be  difficult  to  find  a  man 
who  can  combine'  the  two  {|ualificatic)ns. 

Regarding  this  criticism,  I  will  say 
that  the  division  engineers  are  experts 
in  their  individual  lines,  ancl  they  will 
ha\-e  the  necessary  assistants  to  prepare 
all  ])lans,  with  the  general  ai)proval  of 
the  commissiojier,  and  it  is  not  ex])ectecl 
that  the  commissioner  will  be  obliged 
to  check  up  all  the  details  personally. 
Furthermore,  the  engineering  work  of 
the  city  is  principally  maintenance  work 
rather  than  constructive,  and  if  any  new 
and  strange  engineering  |)roblems  arise, 
naturally  the  conunissioner  will  avail 
himself  of  any  expert  advice  or  assistance 
which  he  mav  c-oiisidcr  ncc-essarv. 


SUCCESS  OF  PANAMA   C.VX.VF. 
IM.WS 

It  is  wortli\-  of  nolc-  thai  the  silence  of 
the  newspajjcr  })ress  is  one  of  the  best 
evidences  of  the  successful  carrying  on 
of  the  work  at  Panama.  This  work  is 
being  conducted  in  an  extremely  effi- 
c-ient  manner  and  probably  as  econom- 
ically as  is  j)ossil)lc  iiiider  the  circum- 
stances. 

'J'he  recent  tribiilc  of  the  American 
Institute  of  Mining  lOngineers,  who 
visited  the  canal  in  a  })ody  is  as  unusual 
as  it  should  be  gratifying  to  the  people 
of  the  I'nited  States. 
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iiii:  s(K  ii:rv  oi  aim-  ( 

Tin-  S«i(ii-ty  uf  Arts  was  t-sla 

1    iiii,  \i  \--\«  III  >i  11-  i\-iiii  iKoi    ri;<  iiMii.di.^ 

)lislu«l  as  a  clrpartmenl  <>f  tlif  liislitiil<-  liy  rrr-iilml  Unj^crs  in  lS(i|. 

It  is  es|M-dally  (ievott'd  to  the  fjeiiiTuI  ilis<.ciniiiatiun  of  M-iciitifir  kiio\vl«ilj»f,  anil  it  aiiiiii  to  awakm      | 

and  iiiaiiitaiii  an  itittT<->t  in  tlie 

rtHi-iit  a<lvanrcs  and  practical  a|*plications  of  the  scicnced. 

Any  |MTs<(ii  intiTfsti'il  in  tin- 

aims  of  tlio  Stnicty  is  eligible  to  nicnilx-rsliip. 

riif  aiitiiial  iliifs  arc  >^:i. 

I{I(  11  Mil 

)   <   M  \<   l.\l  Wl.\,    I'rcsi.lcnt  of  llic  Institute. 

l-\\(      W 

II  H    III  IKl.l).  S«-<rctary  of   the  Sicicty  of  Arts. 

l.\l.(   1    ri\  i:   (  OMMI'l  TKK 

I.I. IIII       lll(>M-(t\ 

riii:<ti)<)i{i:  \    \  \ii. 

IWII.S  V.   MINKOK 

(    \|{|{(H.I.   W     ixtTK.N 

nii;    I'HKSIDKNT 

ii{i:i)i:i{i<    11    y  \\ 

TiiK  si:(  in:r\in 

noAUi)  OI'  I'l  I'.i.K  \rni\ 

1).    1     (  <)M-I(M   K 

r.l.l.WooD    I!    -I'l.  \|{ 

SKI.SK  \U    \1     (.1  \\ 

l.KWI-   i:    MnnKi; 

I    w    i.ri(  iiiiKi.i).  i;.iit..r 

(■oMi\(,  i.i:(  riin;s  i'.i.ioim.  iiii; 
,-()(  II:^^  oi-  aim- 

On  WVdiicxl.iy.  l-'cl)ni;iry  S.  the  Socioty 
of  Arts  will  l)c  ;i(l<lr<'ss('(|  l)y  Dr.  Williiim 
T.  Sc«li:\vick  of  li(l>^l(t|l  oil  "S<i<'iM<'  aiul 
Ilmiiaii  Welfare,"  ulii<li  will  he  lar;:el\-  a 
«lis<|iiisiti()ii  on  the  intimate  relations  of 
pure  and  applieil  xienee  to  modern 
society. 

We  re^n-t  that  I're^ident  Nichols,  of 
Dartmoiitli  ("ollep-,  will  l»e  nnalde  to 
address  the  Society  of  Arts  this  season. 
Anionic  those  who  have  acceptecj  imi- 
tations to  speak  Ix'fore  the  Society  are 
Prof.  E<lnnin<l  H.  Wilson,  professor  of 
zo<)Io<,'y  at  ("olumhia  I'nivcrsily  and  I'rof. 
George  W.  Hitchey  of  the  Mt.  WiKun 
Solar    Oh.servatorv,    Pasadena,    (  .d. 


m:w  mi:mi{j:h.^  of  iiii: 
so(  iktv  ok  akis 

At  the  meeting  of  the  society,  held  Tues- 
<lay.  De<-«Mnl>er  IS.  tin*  follownii:  applicants 
for  mcmlH*r>hi|)  were  pn'M-nted  and  clect<'<l: 

Ch.\RLK.s  .\i.my.  Jr..  Rcsoar<h  Lalniratory.  M.I.T. 
Stephen  K.  IVvrton,  4  LiU-rty  Sq.,  Boston. 
W.\RREN  H.  (  OLSON.  1H4  Hoylston  St.,  Boston. 
WiLLi.\M  .\.  C'oPEL.\ND.  3GJ  Haniniund  St.,  Chest- 
nut HiU. 


Thomas  Dummku.  4!>1  .\tlaiitic  .\\c.,  Host<in. 
Hai.i'mC.  Kmkhv,  114  State  St..  Bosl.m. 
Fheukuk  K  \.  Flathkh.  (iH  .Man>nr  St..  Lowell. 
Cahi.T.  Keixek.  N.  K.  Tel.  &  Tel.  (  o..  Ill)  .Milk 
St..  Boston. 

LiNDSLEY  LoRINfJ,  FoX   Hill  St..   \Ves|\V(i««l. 

.Iames.V.  I^owkm..  (licNlnnl  Hill. 

S.   .M.   MK.riKIt.l..  1-2U  HoyMoti  St..  Boston. 

Wii.i.iam  W.  M<  (  i.ENCH.  Sprinuli<"l<l. 

(iE<)H(;K  II.  Ni  TTiNc;.  1 1!)  .Mdricli  St..  BoNton. 

.Vi.EXANDKR    M.    I'ai  U    .'i.iiJ    IJroadwav.    Winter 

Hill. 
Hrs.sEix  A.  Skaus.  KM  Milk  St..  B<i.slon. 
\\  M.i.iAM  I).  SoHiKR.  7!>  Beacon  St..  Boston. 
.1  \MK.s  Soi^iMoNT.  41  (ieorjfia  St..  H<ixl)iiry. 
F.  \V.  Stearns.  •£(>>)  Park  St..  Newton. 
P.  F.  Sri,u\  AN,  H4  Stale  St..  Boston. 
(;EoRr;E  ('.  Trams,  101   Milk  St..  Boston. 

HoRA*  K  \\.  \V\I)I,EI(.H.  i'M  (   oniinoiiueallll  .\\c. 

Horace  K.  Ware.  1  Id  Suninicr  .St.,  Bo.-.ton. 
Albert  P.  W  illiams,  iTSCresccnt  St.,  Walthain. 

At  the  nuH'tingof  the  stK-iety.  lieM  Tues- 
day, DecemlKT  "2(1.  the  following,'  ap|)licant.s 
for  memlMTship  were  i)n'sented  and  ele<:tefl: 

Jam>>*  I).  Colt,  o.'J  State  St..  Bost«)n. 

Robert  DfuciL.vs.  lOt!  Ess^-x  St..  Boston. 

J.  P.  KcsTis.  .Vmes  St.,  Cainhriflgo. 

Isaac  F.  North,  70  Mont  vale  Hoad.,  Newton 
Centre. 

P.  .\.  ()■(  oNNELU  1.5j  Tremont  St.,  Boston. 

William  Lowell  Pctnam.  49  Beacon  St..  Boston. 

C.  N.QtiMHY.  «iO  Hillsirle  .\ve.,  .Arlington  Heipht.s. 

Frederic  S.  .*snyder,  35  Blackstone  St.,  Boston. 

Thom.\s  (J  Washburn,  08  Pemberton  Srj.,  Bos- 
ton. 

John  F.  Wil-son.  'JO  Chauncy  St.,  Boston. 


64 


ScitMiC(>   ( 'ousjx'cl  us 


*-sri:i.i  iriy   a   non  cohhosim-: 

AI.IA)V 

An  alloy  of  i-oUalt  aiul  cliroiniimi  is 
roportod  to  iiavo  hoon  rcciMitly  made  hv 
hoatini:  tlio  mixed  (»\idos  of  tluvsc  metals 
with  puro  powdorod  aliimimim.  This 
idlov  has  luvn  naimul  sirllilt\ 

It  was  iirst  ma»lo  l)y  tusiiii:  in  an  elec- 
tric furnaoo  and  afterwards  in  a  six-eial 
natural  gas  furnaee.  It  melts  to  a  per- 
fect fluid  and  lias  htxMi  east  in  hars  from 
one  «|uarter  to  one-half  ineh  square.  It 
will  forge  into  thin  stri])s  said  to  he  as 
hard  as  mild  tempered  steel. 

Perhaps  its  most  remarkal)le  pi-ojxMiy 
is  its  non-eorrodihility.  Exposure  to  tlie 
atmosphere  has  ])raetieally  no  efi'eet  on 
it.  It  is  not  readily  attaeketl  by  acids, 
^ven  a  mixture  of  sulphuric  acid  and 
bichromate  has  practically  no  effect.  A 
kitchen  knife  made  of  this  substance  was 
used  for  two  years  with  no  sign  of  tar- 
nishing. 

If  suitably  ])oli>heil  it  is  a  lii>trons 
white  in  color.  It  permanently  riMains 
its  finish.  A  cast  bar  of  this  material 
showed  an  elastic  limit  of  70, ()()()  pounds, 
an  elongation  of  three  per  cent,  and  an 
ultimate  strength  of  06,000  pounds  to  the 
.Sf4Uare  inch. 

Although  this  alloy  is  very  hard  it 
forges  readily  at  a  red  heat.  Its  elastic 
limit  is  iK)t  fjuite  equal  to  that  of  tool 
steel  of  the  same  hardness,  but  it  is  said 
to  be  much  tougher.  The  luirdness  of 
the  material  apparently  depends  u[)on 
the  relative  proportions  of  the  cobalt 
and  chromium,  and  when  xcry  hard  the 
V)reaking  stre.s.s  and  elastic  limit  very 
closely  coincide.  It  i.s  claimed  that  a 
steel  lathe-tool  has  cut  ordinary  steel  at 
a  .speed  of  -iOO  feet  [ht  minute  at  which 
speed  the  high-speed  alloy  steel  tools 
failed  almost  at  once.  Blades  made 
from  this  alloy  take  a  fine  cutting  edge, 
although  a  razor  made  from  a  cast  bar 
of  this  material  and  u.sed  for  shaving 
some  hundreds  of  times,  is  said  to  have 
been  inferior  to  a  good  steel  razor  because 
it  requires  more  stropping. 

It  is  not  claimed  that  the  material  is 
superior  to  steel  for  tor^ls,  })ut  it  is  claimed 
that  it  is  non-corroding  and  that   it   will 


stand  higher  cut  ting  sp«>ed  wiliionl  burn- 
ing. 

StelHlr  wlien  il  contains  '2.)  \)cr  (-(Mit. 
of  cliroiniuin  is  not  niagnelic  although  it 
(Iocs  not  y(>t  appear  with  what  percent, 
the  well-known  niiignclisni  of  coi)all  dis- 
a])pears. 

Sl(>llilc  will  ])robably  lind  its  widest 
use  for  siuall  cutlery  since  it  retains  its 
edge  and  kec|)s  its  luslrc.  Il  may  be 
found  useful  for  surgical  instruments  as 
it  is  not  at  all  affected  by  the  slerili/ing 
solutions  which  so  severely  corrode  steel 
inslrnments.  From  a  rough  estimate 
it  appears  that  this  material  would  cost 
in  the  neighborhood  of  from  Iwenly  to 
forty  cents  a  |)ound.  l.   e.   m. 


niiMCKMors  ro.vTixcs  for 

('OXCHiriK 

In  a  recent  ])apcr  read  b\'  Leonard 
Wason,  member  of  the  Society  of  Arts, 
before  I  he  National  Association  of 
('cnicnl  I  scrs,  lie  stales  that  the  dust 
produced  by  concrete  floors  is  no  more 
than  is  produced  by  wooden  floors,  but 
in  the  latter  case,  it  finds  a  hiding  place 
between  the  cracks  of  the  boards.  He 
recommends  two  cojits  of  boiled  linseed 
oil  carefidly  a])plied  and  thoroughly 
har(lene<l.  Another  suggestion  to  do 
away  with  dust  of  concrete  floors  is 
to  co\-er  the  surface  of  I  lie  concrete 
with  water  glass  (sodium  silicate). 
The  surface  of  the  concrete  should  be 
kept  damp  after  the  f)lacing  of  the  con- 
crete and  should  then  be  washed  and 
allowed  to  dry  thoroughly.  Water 
glass  should  be  mixed  with  four  lo  six 
parts  of  water  according  to  the  sur- 
face t(»  be  treatcfl.  The  denser  the 
^uifacc  I  he  weaker  xlionid  be  the  solu- 
tion. .\.i)ply  with  a  brush  after 
four  lu)urs,  and  within  twenty-four 
hours  wash  off  the  surface  with  clear 
water.  After  <lrying  ai)j)ly  another 
coat  of  water  glass  solution  repeating 
the  yjrocess  aVjove  until  three  or  four 
coats  have  been  ai)plied.  This  treat- 
ment is  also  recommendecl  for  tanks  and 
vats,  and  is  said  io  make  thcni  inqx-r- 
vious,  odorless  and  sanitar\'. 
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TIIK    KUrPTIOX  OF    KTNA     IX     I'.iKi 

I  KWk  \    i'i:i{Ki:i".  (  \\.  I  I" I"   I)  II  \i..  ri:i.i-  nii; 
>()(  II  ^^   (»i    \iM-  oi'  III-  i:\iM;i{ii:N(  Ks  ox  nii: 

\()|.(  A\(>   \)\  l{l\(.    nil-;  IlKll'IION    AM)    IN    .Mi;>- 

-i\A  Ai  ri;i{  rill-;  i'.aimik^i  akm 

It  is  well  kiiiiuii   lli;it    iii.iii.\'  \  (>lc;iiit)c>  I  lii>  Itciiij^'  llic  cii^c.  il  u;i>  iml  >iir|)ri>iii;^ 

ill  tin-  ■«;iiii»'  rcLiioii  of  t  lit-  imiIIi  :iic  inter-  wln-ii    :tii  (M'liptioii   of   Ml.    Ktiia   did    not 

cuinu'ctcd.  and  one  ot  tlif  points  wliicli  I  occur  lor  sixteen   year^   that    one  sjiduld 

uisli  to  hriiiii  out    is  to  show,  il"  pos>ilile,  lia\"e  l)een  looked  for. 

the  iiiterrelatioii-hi|)  l>et  ween  the  MeN>ina  M  t .  lA  iia  is  oneof  t  he  j,'real  volcaiKM-^  of 

earth(piake  and  the  acti\ify  of  Mt.  I^tiia  the  eaiih.      It    is   jjfreal    in   size.   ;,'reat    in 

and  SlronilMili.     In  order  to  do  this,  I  am  activity,  ^'reat  in  heaiity. 

^'oiiifi    It)    touch    on    the    sultject    of    the  As  to  its  acli\ity,  I  have  dcNcriltcd  it  in 

Messina  eartli(|uake  and  also  of  a  little  sayinj,' that  il  has  an  eruption  on  an  a\'er- 

eruption    of    Mt.    Ktna    which    occurred  ajxe  of  every  six  years,  and  as  to  its  powiT, 

.shortly  before  the  earth<|Uake.  one  of  these  eni|)t ions  some  centuries  a^o 

Most  of  yon  are  aware  of  the  fact  that  I  killed    SO.OOO   |)eople,    which    is   prol»al»ly 

believe  that  the  only  way  to  study  a  vol-  more   than    \  esii\  in>    lia^    c\cr  iloiie   in 

caiiic  ('rnption   is  to  study   the  eru|)tioii.  all  its  exist<'nce  as  a   volcano,  not  excep- 

lu  otluT  words,  not   to  \isit   the  volcano  t  iiiir  the  ^'reat  <TUpt  ion  of  ?!>  .\.  I).. which 

after  its  activity  has  ceased   hut   to  live  dc>1royed  tliecilies  of  Ih-rciilaneiim  and 

upon  the  volcano  during'  the  eruption,  and  l*omp<'ii. 

as    nearly    a.s    po.ssihle    to    the    .scene    of  As  to  it.s  beauty,  tlii.s  is  also  \-erydi(iiciilt 

action.    In  this  way  it  has  been  my  priv-  to  describe.    It  is  t(HMning  with  life,  animal 

ilege  durinii  the  past  six  years  t<)  live  upon  and  vegetal)le.  and  is  snow  covered  one 

^'esuvins    <lnrin<:    the    trreat    «'rnption    of  half  the  year,  the  other  half  it  is  bare  to 

1!)<m;,  Sfrombon  in  l!>()7  and  Mt.  Ktna  in  its    very   summit.      A    certain    professor, 

1!»1(».  well  known  for  his  self-conceit  and  ego- 

riie  first  of  the  events  about  to  be  de-  tisin.  was  heard  to  exclaim,  "Ktna  is  the 

.scribed  is  a  small  eruptio^i  of  Mt.   Ktna.  most  beautiful  thing  on  earth.     It  is  the 

The  activity  of  this  volcano  has  manifested  abode  of  thegtKls;  I  lived  there  six  weeks." 

itself  during  the  past  three  hundreii  years  I  believe  this  refers  to  Etna  in  times  of 

at  intervals  of  six  years  on  an  average,  peace;  I  am  siire  that   Ktna  in  eruption 

That  is  to  say,  there  have  been  during  this  would  seem  more  fitted  for  the  aV>ode  of  a 

time    seventeen    eruptions    per   century.  ditTerent  order  of  beings. 


lid 
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Tlio  ohsorvatory  sfniids  very  noar  lo  the 
ivntral  i-rator.  al>ouf  1.(100  fort  hrlow  llu' 
suiniuit.  I'his  is  iiiado  jutssihir  only  hv 
tlio  fact  ami  a  vory  important  one 
that  all  tlio  iirtMt  oruptions  of  Ktiia  in 
motlorn  tinios  do  not  tako  ])lac"c  from  I  lie 
ivntral  crater.  The  mountain  is  rent  open 
on  tlu*  side  and  the  eruptive  foretvs  fiiul 
their  vent  and  form  craters  U])oii  tlie 
tlankv  of  the  volcano. 


.Me^'ina — Vi«-w  in  the  C'or.so  Cavour,  showing  ob.structions 
in  the  Street 


The  small  eruption  of  the  '-20th  of  .\j)ril. 
1008.  although  it  wa.s,  in  itself,  of  no  ;ireat 
impfjrtance,  acquires  an  interest  from  the 
fact  that  in  the  first  place  it  broke  the 
repose  period  of  sixteen  years,  and  in 
another  way  it  has  proved  to  he  very 
imp^jrtant  in  being  not  merely  the  precur- 


sor, the  forerunner,  of  this  greatcM"  one  of 
last  year,  but  its  prototype  as  well.  'I'hat 
is  to  say,  tlu'se  two  i>ruptions,  while  it 
would  be  rash  to  aflirm  that  they  mark  a 
new  vvA  ill  I  lie  type  of  Ktnean  eru])tions, 
nc>\ertlieless  form  a  class  which  has  been. 
comparati\t>l>  rare,  it  is  characterized 
by  the  i)roduction  of  a  long  fissure  with  a 
large  number  of  erupti\e  mouths  distrib- 
uted along  its  length,  with  a  \-ery  rapid 
out  How  of  lava  from  the 
lower  end  of  the  fissure. 
The  ex])losi\e  ellects  are 
weakened  by  distribution 
over  so  many  vcnt.s  and 
the  formation  of  cones 
around  the  craters  by 
accumulation  of  detritus 
is  on  a  very  small  .scale. 
This  eruption  of  the 
sj)ring  of  lOOS  lasted  but 
twche  hours,  and  after 
so  long  a  period  of  repose 
you  will  readily  under- 
stand that  we  could  not 
have  for  one  moment 
imagined  that  the  inter- 
nal conditions  of  the 
volcano  or  the  subter- 
ranean volcanic  forces  of 
that  region  would  be 
satisfied  with  so  small 
an  outbreak.  Therefore, 
it  was  with  considerable 
anxiety  that  I  watched 
e\ents  in  that  region. 
By  an  astronomical  cal- 
culation, which  I  will  not 
be  able  to  enter  into,  it 
was  found  that  December 
of  that  year  might  l)e 
considered  a  dangerous 
month  for  events  of  this 
kind;  that  is  to  say, 
tor  volcanic  eruptions 
or  earthfpiakes.  Taking 
that  in  connection  with 
the  nervous  condition  of  Etna  which 
could  not  f)e  satisfied  with  so  small  an 
out})reak  as  this,  I  accordingly  feared 
for  the  safety  of  that  whole  region,  and 
when  at  Messina  in  the  summer  of  1908 
I  visited  Dr.  Cheney  and  his  wife,  our 
American  Consul  there,  they  asked  me  if 
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I  llio'i^ilit  tlicy  ut'if  III  aii\  il;iiii:<"i"  IIhtc 
at  M«'^^illa  1  coiildiri  1m'1|>  >a\iii'i  tlial  I 
ft'art'd  f(»r  tli«'  iiiuiitli  of  I  )r<'('mlt«'r.  ami. 
as  I  was  ill  this  (•((iiiitry  in  \i)\ niilirr.  I 
iiurricd  liack  in  nnliT  to  l»c  on  hand  in  Ihi- 
case  of  aii\thinj,'  hapiMMiin;^'.  I  anivi-d 
at  Naples  on  the  •^.>lh  of  I  )rcciiil»<'r  and 
thrt'*' (hi.\s  hitcr  o(<iirn'd  thai  most  aufiil 
earth(|nakr  in  which  nrail.x  •J(i(i,(Miii  prr- 
soiis  lost  their  lives  in 
alxmf  thirt\'  seconds. 

Dr.  CinMiey  and  his 
wife  were  killed  in  this 
earth(|uake,  and  I  aft»*r- 
wanls  learned  that  they 
had  pnrpox'd  spendini: 
Deceinln-r  in  Naph's. 
Whether  or  not  tlii>  was 
on  account  of  »  hat  I  had 
sai<l  I.  of  course,  do  not 
know  and  I  like  to  think 
that  they  thon^'ht  of 
<ioinLr  so  l)iif  felt  that  to 
lea\('  at  >iicli  a  time 
would  he  d<'s(>rtinLr  their 
post  of  dnt  \'. 

After  this  eartli<|nake, 
what  happencMl?  The 
activity  of  l)<>th  Ktna  and 
Stronihoii,  such  as  it  was. 
.sii tiered  a  very  decided 
diminution.  I  visited 
l)oth  the  volcanoes  after 
the  earth(|nake  and  wa^ 
moreaiiil  more  impressed 
with  tlieueneral  allhoiiuh 
indirect  interrelalion^hip 
between  them  and  the 
seismic  event.  The  earth- 
quake relieve<l  the  strain 
for  the  time:  neverthe- 
less, the  preat  eruption 
of  Mt.  Ktiia  had  not 
oceurn'd  and  it  was  there- 
fore only  ri^'ht  to  ex|>ect 
something  of  tliis  kintl, 
and.  finally,  on  the  -^Sd  of  March  of 
last  year,  there  occurred  the  greater 
eruption. 

Another  lonii  fissure,  a  mile  and  af|narfer 
in  IcTiuth,  opened  on  the  south  flank  with 
twenty-four  small  eruptive  mouths,  and 
from  the  upper  i)ortion  at  first  and  later 
from  the  lower  jiortion  there  flowed  this 


rapid  stream  of  la\a.  ll  Mowed  lor  ;i  dis- 
tance i>f  alioiit  se\en  miles  and  tlir<-alened 
the  towns  of  Mellp.issi)  and  Horelli,  and 
would  also  ha\e  menaced  the  larger  town 
of  Nicolosi  had  it  not  heen  that  its  course 
was  di\t'rted  fre<|uenlly  l»y  the  interven- 
ing hills  resulting  from  other  eruptions. 
This  lava,  with  a  speed  at  iU  s(iiirc<'  of 
eleven    iriili's    all    hour,    llowed    down    the 


Mr.ssina — Kniiis  of  u  tall  |HM>rly  foiistnictrd  liuildiiig. 


mountain  side  more  and  more  slowly, 
spread  wider  and  wider  as  it  advanced, 
until  it  attaincfl  in  some  |)laces  a  width  of 
nearly  a  mile  and  a  depth  l»y  acciiinula- 
tion  of  some  1.30  feet. 

I  am  going  to  take  you  for  a  moment  to 
see  al>out  a  dozen  views  of  Messina.  I 
arrived   there  the  second  dav  after  the 
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event,  and.  as  you  will  soo  from  tlu'  sta- 
siilo.  tlio  town  «loo>  not  present  a  i)ietui-e 
of  al>solute  tiestrnetion.  Many  walls  i(>- 
main  here  aloni:  the  water  front  and 
one  would  »up|)ose  that  some  of  the 
houses  remained  intact.  This,  in  fact, 
was  not  the  ease,  and  on  irettinu  ashore 


Messina — Dirtftion  of  maxiimjiii  riinlion  ."shown  by  zig-zag 
lesions  of  Ijrifk  rliinincy 


it  was  seen  that  while  the  faeade  f)f  this 
building:  had  reniainerl.  insifle  the  flof>rs 
had  collapsed  and  buried  the  inhabitants 
beneath  them.  A  continuous  procession 
of  the  dead  and  injured  was  met  at  every 
turn  in  Messina  during  those  days  and 
on  all  sides  corpses  were  lying  ab«)ut  in 
the  street. 


The  ueueral  ulcn  of  the  collapse  of  the 

l)uil(lin,us  an<l  of  the  poor  construction  of 

I  he  same  is  shown  in  I  he  \  i(>ws.    'I'he  walls 

w(>re  built  of  what   we  would  call  rubble 

and   \]\\<  with    mortar  of  a   poor  (piality 

yave  no  power  of  resistance  to  the  walls 

ajjainst   the  shock.     This  form  of  wall  is 

capable     of     support  injj;     a 

steady  weif^ht  l)ul   is  iucap- 

al)le    of    wilhslaiidinji'    the 

xibrationsof  an  earilu|uak(\ 

Tlu^  floors  were  very   weak 

and     most     of     them     fell 

through  and  in  a  few  places 

where  brick  was   used   the 

wall  was  very  thin  in  pro- 

|)orlioii  to  llie  height  of  the 

liuildiiig. 

In  investigating  earth- 
(|uake  ])henomcna,  one  of 
the  most  important  things 
to  determine  is  the  direction 
of  the  shock,  and  for  this 
purj)ose  to  my  mind  a  round 
brick  chimney  is  one  of  the 
very  best  of  indicators.  You 
will  see  from  the  zig-zag 
lesions  upon  the  sides  of 
I  he  chimney  shown  here  a 
piM'fect  confirmation  of  the 
idea  that  its  motion  must 
have  been  right  and  left  a.s 
.\()u  see  it  in  the  picture;  the 
upper  third  of  the  chimney 
has  fallen  south, — the  azi- 
mnlh  liapi)ens  to  l)e  north 
and  south  in  this  case, — 
and  the  whole  chinmey  had 
\  il)rated  in  a  north-south 
direction  and  indicates  very 
clearly,  as  it  is  jx'rfeclly 
free  to  vibrate  in  any  direc- 
lioii.tlic  nuiximum  motion 
of  the  ground. 

This  point  is  also  brought 
out  very  well  by  monu- 
ments in  cemeteries,  one  of  them  having 
tottered  over  and  having  been  pre- 
vented from  absolutely  falling  only  by  the 
presence  of  the  others  nearby.  Another 
view  shows  one  tilted  completely  over, 
and,  as  these  stand  on  a  level  i)lane  and 
are  perfectly  free  to  fall  in  any  direction, 
they  give  much  more  valuable  indications 
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Messina — Knt-  surface  wave  pn-NcrMil  in  tin-  stone  ciirli-slntie 


flijiii  the  w.iIIn  (»!'  Iiniiso  as  lo  IIm'  fliicc- 
tioii  of  llic  maximum  moliou.  'I'Im-  curve 
liiu"  was  hcautifully  shown  in  this  carth- 
<|iiak(*  fo  have  j^rcat  sfrciiiilh.  and  I  am 
sliowinj^  two  cxamph's  of  this  not  merely 
in  a  vertical  l)nt  also  in  the  horizontal 
sense,  showinii  that  a  round  house  wouhl 
he  a  very  valual  ill' form  foreart  iKiuakecon- 
strnctiiMi.  Voii  will  sec  hy  the  view  of  the 
apse  of  the  Messina  cathe<lral  that  it  has 
remained  intact  l»ecause  of  the  curve,  and 
the  next  view  will  show  this  in  a  douhle 
sense  in  which  liiese  two  curved  portions 
of  another  lofty  church  in  Messina  ha\c 
remained,  whereas  all  the  of  her  part  s  have 
fallen  to  the  urountl. 

During  the  jireal  earth(|uake  tlu-  surface 
of  the  f^round  is  thrown  into  a  series  of 
waves  j)recisely  like  the  waves  of  the  sea 
hut  havint;  a  motion  very  much  more 
rai)id.  These  are  known  as  free  surface 
waves.     In    the    picture  shown  you    will 


>ee  hou  Mm-  curltsjoiic  Itecanic  detached 
from  the  sidewalk  on  th<'  on«'  hand 
and  the  ntadway  on  the  other  and  was 
thrown  as  a  rihhon  into  th<'  form  of  the 
surface  wave  of  the  eartlupiake  and  re- 
tained it.  This  is  one  of  the  most  inter- 
est int.'  pi<lurcs  which  I  was  aide  to  tak<" 
for  the  studyin;:  of  the  eartlupiake  motion 
also  confirmin^r  the  direction  whi<h  had 
heen  established  and  forming  a  very 
interesting  monunn'nt  of , this  «'vent. 

We  come  now  to  this  great  eruption  of 
Htna  of  last  year.  Lest  I  forget  it  at  the 
end  of  the  lecture  I  should  like  to  say  that 
I  do  not  cousi.lcr  that  even  this  has  satis- 
fied the  volcanic  comlitions  of  the  moun- 
tain. I  think  wc  may  look  for  still  more 
and  possihly  a  still  greater  activity  of 
Mt.  Etna  in  the  future,  prohahly  in  the 
near  future,  possibly  in  three  or  four 
years.  Ahout  two  weeks  ago  the  papers 
had    accounts    of    some    activity    of    the 
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General  \'ie\v  of   Centra!  (rater  nf    Ktii: 


mountain.  This,  liowcx cr.  was  n()(liiii<f 
but  a  little  explosive  i)liase  in  the  main 
crater;  it  was  not  a  real  erui)ti()n  at  all. 
You  will  notice  at  f»ncc  the  resemhlance 
V)et\veen  the  line  of  erupt i\-e  mouths  of 
the  lino  <Tui)tion  and  that  of  the  eruption 
of  1908.  There  is  an  absence  of  the  cones 
which  generally  form  around  these  mouths 
and  you  will  have  some  irlea  of  the  lenjjth 
of  the  fissure  when  I  tell  you  that  it  is  a 
mile  and  a  quarter  in  its  total  extension. 
I  should  like  to  relate  a  fact  which  jjroves 
the  necessity  of  visiting  and  dwelling  upon 
the  volcano  during  eruption  in  order  to 
have  a  faithful  idea  of  what  takes  |)lace. 
Any  ^eolopst  qr  volcanolofiist,  on  visit- 
ing this  volcano  after  its  eruption,  would 
have  declared  that  one  particular  crater 
of  this  kind  had  been  the  least  important 
of  all  the  twenty-four  anrl  he  would  have 
inferred  this  from  the  fact  that  tlu-rc  was 
nothing  at  all  lying  al)f)iat  in  this  vicinity, 
there  was  no  volcanic  ash  around  the 
craters,  there  were  no  bom})s  of  lava  lying 
about  nor  fragmentary  ejecta,  and  he 
would  have  concluded  that  that  partic- 
ular vent   harl   \>fcn   proba})ly   the  least 


important  ol  all  the  series.  Ncvertiieless, 
I.  who  was  tlierc  and  who  li\ed  there 
throughout  the  eruption,  know  that  that 
particular  one  was  by  far  the  most  terrible 
of  all  the  twenty-four;  so  nmch  so  that  I 
had  christened  it  the  "Demon."  It  wa.s 
the  source  of  all  those  heavy  exjjlo- 
sions  which  .shook  the  mountain  and 
which  almost  shook  us  out  of  our  bed  in 
flic  little  hut  where  we  lived.  This  crater 
iiad  nothing  around  it.  nothing  lay  about 
the  orifice  for  tlie  very  reason  that  its 
exjjlosions  were  so  strong  that  everything 
was  thrown  to  a  great  distance;.  .Vnd  it 
was  imi)ortant  in  this  case  to  know 
that  that  i)articular  crater  had  shown  the 
greatest  volcanic  activity  because  we 
could  locate  by  that  a  position  of  greatest 
opening  along  the  whole  line  of  this  fis- 
sure. 

'J'he  Utile  hut  where  I  look  up  my  fjuar- 
ters  (Page  71  j  was  built  by  the  Italian 
Alpine  Club  as  a  refuge  in  going  up  the 
mountain  and  for  the  mounting  of  cer- 
tain instruments  whicli  have  long  since 
fallen  into  disu.se,  and  when  I  arrived  at 
Catania   from  Naples   this  hut   was   re- 
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Alpine  Club  lU'fugr  iirar  llif  |)riii<i|);il  cralir  wlicrc  Mr.  JNrnt  mailr  iii« 
h(']i<l<)uartcr.s  for  two  wct'k.s 


j)ortr<l  (Ir-vl  roved.  Hut  I  saw  at  nticc 
that  it  was  still  tlnTc,  and  I  made  a  tri|) 
up  flicrc  tlic  lirsl  day  of  niy  arrival  to  see 
if  it  was  practiraltic  lo  livi-  tlicrc  and 
mak<' o})scrviitioiis.  I  found  (hat  it  was, 
and  with  a  ^uidr  I  made  this  my  homo 
for  two  wcoks.  It  was  a  most  interest in;i 
])la<-e  I  can  assure  you.  The  lava,  which, 
as  I  said,  flowed  at  the  s|)eed  of  eleven 
miles  an  hour,  passed  fiie  house  at  a  dis- 
tance of  al)out  1.30  \ards.  The  crater 
liad  the  had  hal)if  of  shooting'  in  our  di- 
rection. It  was  an  inclined  mouth  and  in 
the  al)s<'nee  of  contrary  wind  everything' 
came  j)ur  way. 

It  is  difficult  to  j,Mve  an  idea  of  what  life 
is  like  under  lliese  circtimstances.  Most 
pooph"  think  of  the  danuer  and  think 
liow  terrifyini:  it  nmst  he  to  live  there  in 
.such  a  place,  Itut  I  can  assure  you  that 
that  is  prol»al)ly  the  very  last  of  all  thing's 
to  be  consitlered.  The  present  discom- 
forts and  sutTerinj;  are  .so  great  that  any 
possible  danger  sinks  into  significance 
and  is  rarely  thonght  of.  Yon  will  real- 
ize at  once  that  to  make  ob.servations  on 


the  edge  of  this  la\a  stream  for  several 
hours  exposes  one  lo  iidense  heat,  almost 
enough  to  scorch  the  fac«',  in  fact,  the  face 
becomes  burne(|  as  by  the  sun.  'i'lien  to 
return  to  this  little  hut  one  had  to  go 
through  snow  ten  feet  de<'p  and  then 
sleep  under  many  blankets,  ,'ind  with  all 
one's  clothing  on  including  a  fur  «ap. 
Then  the  gases  which  arise  from  the  lava 
are  intensely  irritating.  They  consist  of 
hydnxhloric  aci  1  gas,  some  free  chlorine 
an<l  a  great  deal  of  sulphurous  acid,  and 
the  irritation  of  the  mucus  tnemlwane  of 
the  nose  and  to  tlu'  bronchial  tubes  is 
so  intense  that  I  give  you  my  word  it 
was  impossible  to  sleep  for  the  |)ain  after 
sj)ending  two  or  fhnv  hours  at  the  shore 
of  this  lava  stream.  The  ashes,  so  calletj, 
are  so  fine  that  they  enter  tin-  eyes,  the 
nose  an<l  the  ears  and  are  extr<>mely  irri- 
tating, and  I  may  say  that  I  am  nf)t  yet 
healed  of  some  of  the  burns  recei\-ed  from 
these  ashes  and  gases. 

The  crater  in  action  did  not  give  one 
explosion  and  then  another  explosion,  but 
it   was   a   perfectly  continuous  perform- 
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aiKv.  and  llio  udIm'  wa^  not  tlial  of  o\- 
j>l()>iou>  l»ut  was  soiiuMliintr  likt'  a  coii- 
tinuoiis  haiiiiiiii:  of  a  i^Muaiitic  yonu;  I  he 
noise  was  pun^ly  mclallir  and  contiim- 
ous.  aiul  [\\c  lava  was  thrown  up  hy  the 
ohullilion  of  tho  iiasos  on  rca<'liinir  tho 
surfatv  to  a  lioiiilit  of  al)out  1.50  fool. 

My  only  roixrot  is  that  I  did  not  ha\"o  a 
nuiviuii  pictnro  niachino  on  hand  at  this 
tinio. 

Vou  all  know  how  tho  snioko-staok  of  a 
looitniotivo  can  throw  out  rinses,  you  all 
know   how   a   cannon    can    soniotinics   do 


Explosive  Emission  of  Lava — The  hlack  spots 
are  ma.s.se.s  of  molten  lava 

this:  the  formation  of  smoke  rings  is 
nothing,'  new,  anrl  it  is  very  easy  to  f)ro- 
fluee'them  with  a  hox  filled  with  smoke, 
the  \h}\  having  a  round  hole  in  the  top, 
V>y  tapping  it  with  your  fingers, — every 
smoker  knows  how  to  make  them  with 
hLs  mouth, — and  it  is  not  surf>rising  that 
a  crater  which  is  circular  and  full  of 
vapor  should,  when  a  sharjj  explosion 
occurs,  emit  these  vapor  rings.  I  have 
often  seen  these  at  \'esuvius,  but  never 
bad  an  opi>ortunity  of  photograjriiing 
them  because  they  were  usually  so  deli- 
cate and  filmy  that  thev  scarcely  showed 
upon  the  plates.     In  the  case  of  P^tna, 


liowo\(M\  there  was  so  much  dense  \apor 
thai  tlu>  most  boaulitiil  rings  were 
liirown  off  from  this  craler.  and  (loated 
upward  a  niilo  or  more  into  lli(>  air,  an<l 
consociuonlly  could  \ cry  easily  bo  photo- 
graphed 

The  view  of  the  smoke  ring  (Page  74) 
is  lak«Mi  with  the  camera  pointed  almost 
straight  up,  and  the  ring  is  ])r<)bal)ly 
about  a  (|uarler  of  a  mile  in  diameter. 

'I'he  activity  of  this  lower  crater,  the 
lowest  vent,  soon  formed  a  large  cone,  and 
it  is  very  interesting  to  note  the  Monte 
Somnia  formation  so  familiar  to  you  pro- 
fessors. The  great  activity  at  the  begin- 
ning of  the  outbreak  formed  the  cone  on 
the  right,  after  which  the  weaker  action 
formed  a  smaller  cone  inside  the  larger. 
One  has  only  to  look  at  the  moon  with  a 
good  field  glass  to  see  this  produced  in  a 
large  number  of  cases  in  the  craters  of 
the  moon,  and  Vesuvius  and  Etna  and 
almost  all  volcanoes  show  this  in  some 
degree.  I  was  very  much  interested  to 
notice  recently  at  the  bottom  of  the  crater 
of  Vesuvius  that  a  small  vent  had  opened 
with  this  same  forniiilion  rc|)roduced  on 
a  liny  scale  not  more  than  six  feet  in  di- 
a meter.  What  was  the  outer  crater  re- 
sulted from  the  first  activity,  after  which 
a  small  cone  grew  up  in  the  center.  In 
this  case  you  will  .see  what  I  just  spoke  of. 
Vou  will  see  here  the  ring  of  the  outer 
crater  and  the  smaller  cone  inside  of  it; 
and  another  view  shows  you  the  upper 
portion  of  this  great  stream  of  lava. 
Frf)m  the  smoothness  of  its  surface,  you 
will  have  some  impres.sion  of  its  liquidity. 
It  flowed,  as  I  say,  at  the  rate  of  16 
meters  to  the  .second,  yet  it  was  .so  den.se, 
that  is  to  say,  its  vi.scosity  was  .so  great 
that  it  differed  very  largely  from  the 
lavas  which  I  had  previously  .seen  from 
N'esuvius.  In  the  case  of  the  Vesuvian 
lava,  with  the  .same  api)arent  tem})era- 
ture  and  the  same  speed  of  emission,  the 
lava  was  very  .soft,  its  A'iscosity  was  \ery 
low.  In  this  ca.se  on  Etna  it  was  imi)os- 
sible  to  push  an  iron  rod  into  the  surface, 
sf)  dense  was  the  medium.  It  is  quite 
impossil)le  with  lava  of  this  kind  to  form 
those  famous  medallions  which  are  made 
cr>nstantly  at  Vesuvius  when  lava  is  flow- 
ing and  which  are  sold  to  tourists.    Many 
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tlu'orit's  lia\"f  Ix'fii  ;iil\  ;iii<c(l  to  accouiil 
for  this  (litttTciicc  hrcausr  llic  (lillcnMicc 
ill  lliis  case  is  not  that  of  aci.lit.w  I'lu- 
irradr  of  acidity  of  \'csii\  in-.  la\a  aixi  Ktiia 
la\a  is  not  greatly  ditYcrrnt.  All  arc  in 
the  iiciLrhltorhood  of  from  H  to  V.)  per 
oiMit.  of  silica.  They  arc  both  basic  la\as 
and  the  difft'nMice  in  viscosity  seems  lo  l»c 
due  to  the  diflereiice  in  soda  ami  potash 
<-oiitent.  This  is  a  |)oiiit  which  it  is  hoped 
will  be  eliicidatecl  in  the  near  future. 

It  was  difficult  to  make  proper  iiij,'lit 
views  because  of  the  impossibility  of  fixini; 
the  ima.L'cs  by  a  siia|)  shot.  Nc\erlheless. 
some  j)ictiires  were  obtained  when  the 
incandescence  of  the  lava  was  just  be^in- 
nin^  to  be  visible.  'I'he  cloud  of  ^'a.scs  i.s 
.seen  flowing;  olY  to  the  rij^ht.  and  the  eas- 
ca«le  of  lava  from  the  uj)|)er  portion  of 
this  cone  which  I  shall  explain  later  is  seen 
oomiiiiZ  down  the  side  of  the  cone  and  then 
forms  the  upper  |)ortioii  oj  the  river.  As 
darkness  increased  the  ^low  l>ecame 
brii:htcr.  .V  true  nij,'ht  picture  is  now 
before  you  Page  7.5).  This  crater  is  the 
side  of  the  ame  and  a  most  interesting 
and  important  thing  developed  by  our 
being  up  there  at  this  time.    Looking  into 


llii^  opciiiuL;  I  lli<>iii;iit  I  could  ^cc  ll.imes 
shooting  up  fnuii  the  surfac<'  of  Ihc  la\a. 
up  through  the  chimne\'  towards  the  lop. 
As  this  has  been  mad<-  an  important  point 
by  the  old  writers  on  \  csu\  ins,  most 
people  ha\'e  thought  that  llaiues  were  an 
csst'iitial  part  of  Nolcaiiic  eruptions. 
.Nevertheless,  modern  geologists  and  vol- 
caiiologists  ha\e  geiKTally  <"ome  to  the 
conclusion  I  ha  I  these  flames  existed  only 
in  the  imagination  of  pre\ious  observers, 
'i'herefore,  I  was  \-ery  doubtful  about 
bcli<'\ing  my  e>es  in  thinking  that  I  saw 
flames  inside  of  this  chimney,  but  lat«T 
on.  when  the  la\a  had  worke(|  itself  up  b_\- 
the  consolidation  of  its  bed  to  the  lop  part 
of  the  cone,  then  flames,  tnn-  flames  of 
burning  gases,  shot^mt  from  the  top  to  a 
height  of  from  ten  to  fifteen  feet.  Now, 
this  was  a  most  womlerfiil  oppftrtunity  for 
determining  the  nature  of  that  gas  and 
the  op|»ortunity  was  lost.  It  was  lost  for 
the  lack  of  pro|)cr  instruments.  Nf>thiiig 
wa.s  on  haml  on  the  spot  but  a  jxK-ket 
sj)ectroseope,  and  anybody  who  knows 
anything  about  spectroscopy  will  know 
the  impossibility  of  focusing  with  a  pocket 
spectroscope    upon     these    flames   in    all 
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tliat  iihxrc  of  tlir  la\;i.  Vo  hriim  uj)  tlu* 
hill  toloscHjpo  with  tlu"  s|)Oftn)sc«)|)t'  at- 
taclit^l  fniiii  Catania  did  iu>l  at  first  sooin 
foasihle.  ami  this  was  not  douc  at  tlir 
time.  Afterwards  the  flames  reappeared 
and  tlie  teleseojie  was  hrouuht  up  l)ut  he- 
fore  it  eould  he  j)ut  into  use  the  fianies 
had  aiiain  <lisappearedand  theoi)portunity 
was  lost. 


'■I  ring  from  Etna  a  quarter  of  a  riiil<-  in  diainr-tcr 


As  regards  their  eolor  they  were  sim- 
ply flame  eolor,  and  no  information  eimlf] 
be  gained  from  this  as  tfj  their  nature. 
They  may  well  have  been  hydr<;gen  as  it 
is  probable  that  there  were  traces  of 
hydrocarV>on  which  would  give  the  color 
and  luminosity  they  had.  Hydrocar- 
bons were  found  in  a  form  resembling 
vaseline  or  paraffine  in  the  ashes  by 
Friedlaender.     Thev  have  })een  found  bv 


Hniii  at  \(>sn\iiis  and  it  is  becoming 
incn>asingly  probable  (hat  the  hydro- 
carbons have  sonic  t'unction  in  volcanic 
action.  This  is  a  point  which  yet  re- 
mains to  b(>  sol\(>d  by  volcanologists. 

It  was  didicidl,  as  1  .say,  if  not  impo.s- 
siblc\  to  give  any  idea  photographically 
of  the  details  of  the  flowing  lava  at  night. 
The  surface  of  the  stream  was  covered 
with  detail,  and  I  tried  very 
hard  to  rej)ro<lnce  it ;  the  only 
way  I  could  appro.ximate  it 
was  l)y  photographing  in  day- 
light one  of  these  large  boul- 
ders which  was  carried  down 
by  the  stream.  This  was  left 
upon  the  banks  of  the  stream 
by  an  overflow,  and  theoutsidc 
of  the  surface  was  preserved, 
and  in  order  to  give  some  idea 
of  what  this  looked  like  at 
night,  I  have  simply  reversed 
the  i)icture  and  have  made  a 
lantern  slide  from  the  positive, 
and  in  this  way  you  get  some 
idea  of  the  detail  of  the 
surface  of  the  incandescent 
lava. 

These  blocks,  these  boulders 
which  were  l)rought  out  from 
the  interior  of  the  mountain 
by  the  laAa  stream,  were  very 
interesting  to  watch.  They 
tended  to  sink  in  the  lava 
stream;  they  were  incandes- 
cent throughout  their  mass 
and  were  soft  and  f^asty  like; 
still  they  held  together.  We 
could  get  some  idea  of  the 
depth  of  this  lava  stream  by 
watching  these  boulders.  Of 
course,  when  they  came  to  a 
shallow  portion  of  the  stream, 
they  would  be  lifted  above 
the  surface,  roll  slowly  on  their  axes, 
and  then  when  the  stream  got  deeper 
they  would  sink  below  the  surface.  As  we 
could  measure  a[)ijroximatcly  the  diame- 
ter of  the  boulflers  as  they  floated  past, 
we  in  this  way  formed  some  idea  of  the 
flejjth  of  the  stream  in  some  j)oints. 
When  the  average  depth  would  be  i)er- 
haps  from  six  to  eight  feet  in  places,  this 
would  be  reduced  to  four  feet,  five  feet. 
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and  ill  otlirr  places  it  was  cerfainly  tleeprr 
than  twelve  feel . 

I^)okiiiir  <ln\\  II  from  tlielissiire  oN'er  tin- 
lava  from  the  other  side,  one  sees  il< 
course  down  the  mountain  side  iititil  il 
flows  hefween  two  cones  which  are  old 
craters.  The  streams  in  the  fore^'roiuid 
are  merely  the  first  outflows  o\-er  the  end 
of  the  fissure  duriiiiz  the  eruption. 

One  of  the  most  impo>in^'  sijxhts  of  this 
eru|)tion  was  down  helow  where  the  la\a 
ha<l  spread  out  to  a  width  of  nearly  a 
mile.  On  the  edges  the  coolinfX  of  the 
lava  had  consolidated  it  for  a  lonj;  dis- 
tance anrl  formed  a  sort  of  pseudo  mor- 
aine (Page  77),  somethinji  like  tlu'  mo- 
raine of  the  j;laciers,  l)ut  not,  of  (•oMrs<', 
of  the  same  type,  as  this  is  forme<l  out  of 
its  own  l)ody.  The  main  part  of  the 
.stream  flowing  majestically  down  the 
moiuitain  side  carried  up»ni  its  surface 
these  great  hummocks  formed  by  the 
lava  being  squeezed  tip  through  the  hard- 
ening crust  when  it  came  to  a  narrow 
point  between  two  hills,  like  paste  f)Ut  of 
a  tube  when  the  masses  of  lava  would 
harden  and  these  were  being  borne  along 


like  so  many  icebergs  on  the  top  of  the 
stream.  The  speed  at  which  they  were 
carrieil  along  was  about  four  miles  an 
hour  and  gave  the  impression  ot  a  num- 
Ixrof  steamers  or  I  )attleshipsf  l<  Kiting  past. 
I  made  a  \iew  after  th<'  cniption  to 
show  (Uie  of  these  hummocks  which  wa.s 
left.  The  lava  here,  ju«lging  from  the 
tn-es  ill  the  foreground,  llm^t  l»e  »ome- 
tliiug  like  eighty  or  ninety  feet  in  depth. 
It  is  Mot  >ur|)rising  t«)  know  that  this  la\a 
is  still  hot.  TIk'  last  time  I  was  there, 
som<'  two  iiKtiiths  ago,  I  m<*asure<l  SOO 
degrees  Centigrade  at  its  surface.  I  was 
able  to  measure  at  one  point  100(>  de- 
grees Centigrade,  and  this  was  the  high- 
est temperature  I  was  able  to  re<-ord.  At 
the  upper  portion  of  the  stn'am  where  it 
issued  from  the  \-ent,  it  was  fjuite  im[)<»s- 
sible  to  use  the  pyrometer,  but  from 
several  other  tests  which  were  made,  it 
seems  to  be  almost  certain  that  at  the 
upper  portion  the  temi)erature  of  the 
lava  was  about  h200,  possibly  12.50  de- 
grees Centigrade.  The  color  at  night  in 
this  case  was  a  golden  yellow,  not  white, 
but  much  brighter  than  mere  red. 


TC 
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III  [\\c  Alpv  it  i^  lri\|iiriitly  |)(iN>il)l(>  (o 
timl  what  arc  v,i\U\\  Alpiiu'  iiuishiooms. 
l-'lat  stones  are  carritMi  down  Ity  tlu' 
izlac'itTs  ami  (Ifpo^itc*!  on  tlif  ^iiow    licliU 


"Alpini-  Mii>liro<ini>""  furnird  l>y  lioiiibs 

and  tlit'ii  when  tlie  snow  has  melted 
away  the  flat  stones  remain  on  a  little 
pe^lestal  of  snow  which  has  been  pro- 
tec-te<l  against  melting  hy  the  shadow  of 
the  stone.  In  this  case  (Pa^e  70)  we  have 
the  formation  of  Al|)ine  mnshrooms  l)y 
volcanic  action.  Lava  })oml)S  thrown 
from  these  craters  fall  n|)on  the  snow  and 
then,  as  it  was  sf)rin^  time,  the  snow 
melte<l  rlown  from  its  former  level  to  this 
level  here,  and  each  homh  was  left  on  its 
own  pedestal  of  snow.  In  one  place  there 
were  several  thousands  of  these  in  the 
neifrhhorhoofl  of  the  craters,  so  that  it 
wa>  very  difficult  tf)  find  two  of  them 
sufficiently  isfilated  from  the  rest  to  make 
a  yof»d  j>hoto^ra|)h.  'J'his  is  the  case 
with  >mall  V>ombs  which  ix'come  cooled 
very  rapirlly  l>y  fallinji  into  the  snow,  hut 
the  larger  fximhs  wouhl  retain  their  heat, 
and,  falling  into  the  snow  which  you  see 
here  covered  with  ashes  and  therefore 
in\"isible,  would  simply  contimie  on  their 
course  down  the  mountain  side,  throwing 
out  great  clouds  of  steam  from  contact 
with  the  snow.  One  of  these  }»oml)s  was 
thrown  out  from  that  crater  which  1  call 
the  "  Demon,"  which  hKikerj  >'i  harmless 
after  the  eruption,  and  fell  over  near  us. 
Thi-  was  about  th'-  nctii;.l  -i/c  m-  \oii  <cc 


it    lici-e.      \\\'  <-li;i>('d    il    down    the   inonii- 

tain    side    lor    some    distance    before    it 

slopped.      I   wanted  to  get   a  piece  from 

it   bctoi-e  il   cooled  and  then  photograph 

it.     As  you    see   even  after 

that  long   run    Ihrougii   the 

snow  the  l)ond)  was  still  soft 

enough  to  flatten   itself  out 

an^l  sink  down  like  a  i)ump- 

kin    when    it    got    to    level 

ground. 

( )ne  of  the  cnrious  things 
about  the  lava  of  this  erup- 
tion was  its  tendency  to 
consolidate.  Ytm  have  seeji 
the  pseudo  moraines  at  the 
sides  of  the  stream,  and  it  is 
W^  not    surprising    to   be   told 

*  that    the    stream     continu- 

ously narrowed  itself.  To 
make  up  for  this,  it  deepened 
itself  by  scoring  a  channel  in 
the  incoherent  materials  of 
the  soil,  but  it  did  more 
than  that,  it  built  itself  up  at  the  actual 
point  of  emission,  and  I  could  scarcely 
believe  my  eyes  when  I  first  noticed  this. 
It  seemed  impossible  that  this  lava  at  its 
high    temperature    should    not    even   melt 
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a\v;iy  llir  nxk  witli  wliicli  it  (•;imr  in 
(•(tiilnct.  iii>l('.i(l  of  wliicli  if  cniivolidatcd 
itself  (•oiiliniioiisly. 

At  the  licuiniiiiii:  of  the  erupt  ion  wlicn 
I  lirst  ;irii\ci|  .it  tlii<  little  Imt.  Ilie  \CMt 
of  tlie  l;i\a  eoiisisfed  of  two  rnoiitlis,  hotli 
of  wliicli  sent  ont  a  stn-ani  wliicli  nnilecl 
at  tlie  hase  and  then  ff»rme<l  a  sinjile 
river  wliicli  flowed  down  the  nionntain. 
I^ter  on,  with  the  ])r(i^n'ssion  of  I  Ik 
(Tilption,  the  ri^ht  hand  \('iit  hecanie 
rc(luced  to  insi^Miificancc.  and  the  lava 
ha<l  formed  itself  up.  huilt  itself  up.  to 
the  to|)  of  the  cone  o\"er  which  it  flowed 
in  a  easrade  down  the  side.  This  is  one 
of  the  most  remarkalth'  things  which  I 
witnessed  during'  this  eruption,  and  I  am 
inclined  to  think  that  it  was  the  cause  of 
the  extinetion  o*"  the  lava  fiow  at  llu*  end. 
I  think  that  the  lava  consolidated  itself 
at  the  sides  of  the  vent  until  the  vent  was 
pra<-tically  choked.  ("er.tainly.  this 
would  not  have  oceurrt>d.  I  am  willing  to 
admit,  if  the  full  su])ply  of  lava  at  hijih 
temperature  had  contimied.  It  cer- 
tainly wa.s  due  to  a  dimimition  of  the 
su])ply,  but  it  wa.s  a  most  remarkable 
thing  to  see  thi.s  vent  build  itself  up  to 


the  (op  of  a  high  con<  and  reduce  itself 
to  a  UK-re  dribble  o\'er  the  edge. 

One  of  the  most  interesting  anil  niar- 
\('lous  things  of  this  eruption,  and  one 
which  has  taught  me  a  gn-at  d«'al  about 
the  internal  w(;rkings  of  such  eruptions  i.s 
this  la\a  tunnel.  It  is  a  work  of  nature 
which  I  think  you  will  agree  with  m<'  is 
reinarkabl\  perfect,  this  arch  being  as 
iiiiifi)riri  as  conld  lt<'  chiseled  by  the  hand 
of  man.  riie  mountain  side  just  above 
this  lowest  crater  slumped  away  leaxinp 
<'Xposed  this  tunnel,  anil  this  is  wlier<? 
the  laxa  flowed  inside  the  mountain 
before  it  emerged  from  the  crater  whicli 
you  have  seen.  I  was  able  to  enter 
this  tunnel  for  a  ilistancc  of  about  a 
hundrcfl  feet  and  to  get  to  a  point 
under  the  next  one  of  llu'se  craters  and 
look  up  through  111*'  central  conduit 
and  see  the  sky. 

In  this  case  y«!U  will  see  that  the  lava 
after  filliiig  this  tumiel  had  subsided 
finally  to  the  point  where  it  forms  the 
present  floor.  Inside  of  this  grotto  where 
I  was  af)le  to  go  I  could  see  that  })elow 
this  there  was  still  another  which  I  was 
not   able   to   enter,    and   the  lava,   after 
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flowiiij;  throuirh  thooiio  sht)wn.  had  iVmiul 
its  way  to  [\\\<  It)\vorinost  jjrottt)  and  this 
lias  tauiiht  nio  one  thing  which  I  think  is 


I{<iiil<l<'r  carriffl  hy  >trc:iiii 

very  important,  namely,  that  not  all  of 
an  eruption  is  necessarily  on  the  surface. 

One  of  the  most  interesting  things  about 
the  Etna  eruptions  is  that  after  the  erup- 
tion earthfjuakes  occur  at  points  around 
its  base.  I  am  inclined'to  think  that  the 
lava  after  flowing  out  over  the  surface  on 
the  top  of  the  mountain  very  often  finds 
its  way  into  these  abandoned  tunnels  and 
flows suVjterraneously,  finding  waterbear- 
ing strata  perhaps  in  the  neighborhood  of 
the  towns  and  proflucing  explosions  which 
cause  the  e<'i rthf quakes,  or  else  flowing 
into  fissures  causes  the  dislocations  which 
would  prrjduce  precisely  the  same  efifect. 

Another  thing  learned  by  this  tunnel  is 
a  very  intere>ting  one.  On  Vesuvius  and 
on  ever>'  volcano  where  I  have  seen  lava 
issuing  from  the  side  of  a  mountain,  it  has 
issued  from  what  is  called  in  Italian  an 
oven  mouth;  that  is  to  say,  an  arch- 
.shaped  opening  at  the  side  of  the  moun- 
tain. This  arch  is  evidently  nothing  but 
the  top  f>ortion  of  just  such  a  tunnel  as 
this.  The  height  of  the  tunnel  shown  is 
about    twelve    feet    at    the    entrance — 


inside  the  height  grows  rajiidly  niilil  it 
is  about  twenf\-fi\e  feet  from  the  present 
floor.  Klna  and  Stromboli  and  other  vol- 
canoes of  this  type  often 
throw  out  most  Ix'autil'ul 
cryslals  and  other  forma- 
tions. Some  found  by 
me  on  Etna  and  Strom- 
boli are  jnroxenes  which 
havea  cruciform  tendency. 
Most  of  them  are  not  more 
than  about  half  an  inch 
in  diameter.  There  were 
very  few  true  bombs  in 
this  ernpfion  of  Etna. 
Tlielava  thrown  out  was  so 
impregiiateci  with  gas  that 
its  rapid  exj)ansion  rend- 
dered  tlie  masses  spongy 
anti  few  true  bombs  were 
formed.  An  exception  is 
this  one,  which  w'as  found 
by  me  on  the  side  of  the 
lowermost  of  these  craters 
and  wliich  consists  of  a 
mass  of  (juartzite  crystals 
merely  co\ered  o\'er  with 
a  skin  of  new  lava.  The 
presence  of  (|uart/>ite  was  marked  during 
this  eruption,  as  indeed  it  usually  is  in  the 
modern  eruptions  of  Etna. 


APPRENTICESHIP    SCHOOLS     IN 
CHINA 

China  is  quick  to  realize  the  value 
of  special  training  in  connection  with 
important  public  work  and  it  is  inter- 
esting to  note  that  in  connection  with 
the  Ministry  of  Communications  at 
Pekin,  there  is  a  school  for  training 
railway  officials.  The  number  of  stu- 
dents is  limited  to  '}.50,  varying  in  age 
from  twenty  to  twenty-five.  There  are 
thirty  teachers,  most  of  whom  are 
Chinese  students  educated  al)road. 
The  full  course  is  three  j-ears  and  the 
curriculum  includes  the  Chinese  lan- 
guage, drill,  geography,  history  of 
Chinese  railways,  mathematics,  draw- 
ing, chemistry,  physics,  traffic  manage- 
ment, railway  bookkeeping,  elements 
of  engineering,  workshoj)  administra- 
tion, and  railway  law. 
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RksI  MK 

TllKstalcMiu'iils  made  in  the  fir^l  articlr 
may   Ix'  siiriiiiiari/t'»l   hriclly   thus: 

All  l)()«li<vs  art-  iiiailc  ii|)  of  ultimalr 
Ijarliflt's  known  as  aloiii>.  'i'liivso  atoms 
exist  in  nearly  one  Iinndred  separate 
speries,  are  nltra-microscopic  in  si/e 
and  tliey  show  a  very  delinite  tendency 
to  form  ^Tonjts  known  as  nKiU'ciih'^.  Thf 
ehanues  called  chemical  correspond  to 
the  rearrangement  of  the  atoms  t<j  form 
new  molecnles.  There  is  a  ceasele>> 
motion  of  I  he  alom->  of  mII  hodics  and 
this  is  wjiat  we  call  heal.  When  the 
violenee  of  the  vibration  ^ets  too  great 
(i.  r.,  when  the  teinperafnre  <,'ets  ahove  a 
eerfain  i)oint  >.  a  solid  sid)stan<'e  hecomes 
li<|nid  and  if  the  violenee  still  increases 
the  liqnid  hecomes  j^as. 

THK      KLF;(TI{0\      AM)      ITS      UKI.ATION      TO 
THK  ATOM. 

We  are  now  ready  to  consider  I  he  ot  her 
ftmdamental  entity,  namely  the  ricrfron. 
To  (jnote  from  the  first  article,  "all  bodies, 
as  we  know  tliem,  are  eomplex  strnetures 
composed  of  small  particles  called  atoms 
and  still  smaller  particles  known  as 
electrons." 

So  far  as  we  know  all  elect  ron>  are 
exactly  alike.  In  this  respect  therefore 
they  difTer  greatly  from  atoms  which, 
it  will  he  remembered,  exist  in  ncarl\'  a 
hundred   dit^erent    varieties. 

Size. — In  size  the  electron  is  ver.\  much 
smaller  than  the  atom.  The  exact  size 
is  not  known  but  it  has  a  diameter 
aliout  one  one  hun<lred-th.onsandth  of  that 
of  an  atom.  This  means  that  if  the 
average  atom  be  represented  by  a  sphere 
one  hundred  yards  in  diameter,  then  the 
electron  would  be,  on  the  same  scale, 
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about  I  he  '^i/c  of  a  pin  hcid.  In  otlicr 
ucirds  the  li(tslon  Public  j,ibrar\'  bnildin;j 
is  not  large  enough  to  rejiresent  an  atom 
if  a  |)in  head  is  to  represent  an  electron. 

\\i:i<;nT.  The  electron  i>  far.  far 
hea\ier /or  il.s-  ^izr  than  the  atom.  Al- 
though the  atom  is  so  enormous|\-  larger 
than  the  electron,  the  li^rhtcsl  aloin. 
namely  that  of  h.\ilro;:en.  is  onl.\'  about 
two-thousand  times  ;is  heavy  as  an  elec- 
lr;in.  A  short  calculation  shows  therefore 
that  ///  pntpoilum  l<>  ifs  .size  the  <'lectron 
is  :i  million,  million  times  hea\ier  (han 
the  atom.  In  more  technical  terms,  its 
"d<'nsit\"  is  this  man\  linic>  ;:reater 
than   the  densit\'  of  the  atom. 

The  inconceivable  minutetiess  of  I  he 
eh'ctron.  as  well  as  its  enormous  "den- 
sily."  ma>  seem  to  the  rea<ler  not  accus- 
lomed  to  till'  results  of  physics,  as  posi- 
li\<d,\-  absurd  and  totall\-  incredible,  'ihc 
disp;issiona!e  in(|uir\'  (»f  modern  physics. 
iiowcNcr.  leads  inexitably  to  these  con- 
clusions, and  after  all  it  is  the  busines- 
of  the  scientist  to  unravid  what  he  can 
and  report  what   he  finds. 

SiiAlK  AM)  Stui  <  TiuK.  IVactically 
nothing  is  known  as  to  the  shape  or 
struclun*  ctf  the  electron.  There  an- 
indications.  howe\<'r,  that  it  is  spheri<-al 
in  shape  and  perfectly  symmelric;d  in 
e\ery  way. 

luK  Two  Klkcthuitjks. — It  will  be 
remembered  by  those  whose  j)Ijysies  is 
nol  loo  dis|;int  l\  lost  in  the  past  that 
there  are  two  ■"kinds"  of  electricity, 
"positive"  and  "negative."  If  a  body 
is  charge<l  with  electricity  of  one  kind  it 
rcj)els  strongly  all  bodies  charged  with 
the  same  kin«l  and  attracts  strongly  all 
bodies  charged  with  the  opposite  kind. 
In  the  words  of  the  elementary  physics 
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hooks  "like  I'hnrurs  ropel  oacli  oIIum-; 
iinliko  fliargos  attrat-l  oacli  othor."  The 
attraction  of  unlike  c'liarjios  is  the  coni- 
in«»n  phenomenon  noticed  when  in  cold 
weather  a  recently  nsed  conih  is  held 
near  hits  of  |)a|>er  or  other  litjht  objects. 
It  stHMns  prohahle  that  niosl  of  the  phe- 
nomena in  nature  are  due,  in  the  last 
analysis  to  ele<-tric  attractions  and  repul- 
sions. 

lk)TJi  Kinds  of  Kle(  thk  ity  Am  n- 
DAXT  IN  ALL  BoDiEs. — All  l)odies  seem 
to  possess  enormous  cpiantities  of  both 
|x>sitive  and  nejiative  electricity  but 
usually  it  is  in  exactly  equal  amounts, 
so  that  one  kind  neutralizes  conii)lclely 
the  effect  of  the  other  and  no  electricity 
seems  to  Iw  pn'sent.  ('harging  a  body 
with  electricity  is  really  then  to  be  con- 
sidered as  merely  disturbing  this  balance 
by  taking  away  or  adding  to  the  body 
a  small  amount  of  one  kind  of  electricity. 
We  shall  see  later  that  the  electricity 
added  or  taken  away  is  always  the 
negative. 

JBlectrons  Negatively  Cuakged. — 
Each  electron  has  a  negative  charge  of 
electricity  on  it  and  this  charge,  consider- 
ing the  size  of  the  particle,  is  enormous. 
Electrons  are  therefore  attracted  toward 
all  jiositive  charges  of  electricity  and 
repel  each  other  strongly.  Modern  re- 
-search  has  made  it  strongly  probable 
that  not  only  have  electrons  ahrai/.s  a 
negative  charge  but  neffatire  elect ricifi/ 
exists  onhf  as  the  charges  on  electrons. 
That  is,  negative  electricity  and  the  elec- 
trons are  inseparable  and  the  only  way 
to  give  a  body  a  negative  charge  is  to 
put  electrons  on  it  or  in  it. 

Atoms  and  ELi-XTKiriTV. — Since  all 
iKKJies  are  made  uj>  of  atoms,  charging 
a  body  with  electricity  is  the  same  as 
charging  scjme  of  its  atoms  with  electric- 
ity. Speaking  now  of  "atoms"  instead  of 
"Viodies,"  it  follows  from  the  above  that 
no  atom  can  he  charged  with  negative 
electricity  without  putting  one  or  more 
electrons  on  it.  P2ach  ordinary  atom  con- 
tains a  number  of  electrons  and  enough 
positive  electricity  to  exactly  balance  the 
negative  of  the  electrons.     77?^  positive 


('Irctricitfi  ncrrr  ledir.'i  the  aloni,  whereas  the 
cl(>clrons  allow  ihcinsclves  to  ])r  taken 
away  from  or  added  to  \hv  atom  willi  rcl- 
alive  (Msc. 

Xi:gati\  i:  <  n awgk  "too  many"  elec- 
trons; I'osrnvE  ciiAiuiE  "toc3  few." — 
Since  oidy  negative  electricity  in  the 
form  of  electrons  is  mo\abl(\  so  to  speak, 
an  atom  can  be  charged  positively  only 
by  taking  away  some  of  the  electrons 
which  it  normally  jx)ssesses.  This  al- 
lows the  positive  charge  of  the  atom 
(which  it  has  perpetually)  to  predominate 
and  ])ro(luces  the  same  effect  as  if  positive 
electricity  had  actually  been  added  to 
it.  Thus  to  put  it  briefly,  an  atom  con- 
tains normally  a  certain  number  of 
electrons  and  also  positive  electricity 
enough  to  neutralize  exactly  their  nega- 
ti\e  charges.  The  atom  is  then  "un- 
charged." If  an  electron  is  added  to 
the  atom  from  the  outside  there  will 
be  more  negative  electricity  than  positive 
and  the  atom  will  have  "negative  charge"; 
whereas  if  an  electron  is  taken  away  from 
it  there  will  be  more  positive  than  nega- 
tive electricity  and  the  atom  will  have 
a  "positive  charge."  Fig.  7  shows  two 
uncharged  atoms.  Fig.  4,  two  negatively 
charged  ones  and  Fig.  5,  two  positively 
charged  ones.  It  must  be  borne  care- 
fully in  mind  that  these  are  not  pictures 
of  atoms.  They  are  merely  symbolic 
drawings,  the  black  dots  representing 
electrons  and  the  "plus  signs"  repre- 
senting the  positive  charge  which  is 
inseparal)le  from  the  atom. 

Attractioxs  and  Repulsions. — It 
f(jllows  of  course  from  the  laws  of  elec- 
tricity, as  recalled  to  the  reader  in  the 
paragraph  headed  "The  two  elec-tricji ties," 
that  the  following  statements  are  true: 

(a)  Two  electrons  repel  each  other 
(See  Fig.   \); 

(b)  An  electron  is  repelled  from  a 
negatively  charged  atom  (i.  e.,one  whicii 
has  one  electron  too  many  for  neutral- 
ity).    rFig.  1)\ 

(c)  An  electron  is  attracted,  toward  a 
positively  charged  atom  (i.  e.,one  which 
has  one  electron  too  few  for  neutrality) . 
^Fig.  3;; 
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I'ositively  charK*'*!  Atom 
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Fig.  i 


Necatively  charged  Atom 

(NiimlH'r  of  electrons 

alKive  normal.) 


Negatively  i-liarneil  Atom 

(Nnmber  of  electrons 

almvc  normal.) 


Fig.  a 


Negatively  cliarKeil  Atom 

(Numlier  of  electrons 

above  normal.) 


I'ocitively  cliarKeil  Atom 

(Nunilier  of  electrons 

l)elow  normal.) 


Fig.  7 


Neutral  Atom 
(Number  of  electrons 
normal.) 
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Fig.  8 


Neutral  Atom 
(Number  of  electrons 
normal.) 


(d)  Two  negatively  charged  ;it<iiii> 
repel  each  other  (Fig.  4); 

(e)  Two  po.sitively  charged  atoms  repel 
each  other  (Fig.  5); 

(f)  A  positively  eliargefl  at<im  and 
a  negatively  charged  atom  altrart  each 
other  (Fig.  6). 

There  are  also  two  attractions  of 
different  kind,  one  of  which   is  alreadv 


familiar  to  the  reader,  wjiieh  «lo  not 
follow  obviously  from  the  fundam<'ntal 
electrical  laws.     These  are: — 

(g)  All  atoms  attract  each  other,  even 
when  both  are  neutral  (Fig.  7j.  This 
is  the  familiar  attraction  fJealt  with  in 
the  first  artirlc.  It  explains  the  cohe- 
sion of  solids  and  lirjuids  in  spite  of  the 
violent    heat    vibration    to    wliich    their 
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atoms  aiul  inoliHulrs  arc  siiUjoot.  This 
attraftitui.  imliko  tlio  roinmoii  "oloc-tri- 
oal"  attraction  (,f ).  is  ofYoctivc  only  wIumi 
the  two  at«)nis  arc  very  near. 

(Id  All  unchargod  atoms  attract  elec- 
trons. (Fisz.  S.^i  This  force,  like  (g),  is 
only  etTective  wjien  the  electron  is  very 
near  the  atom.  When  it  is  near  however 
t he  force  becomes  very  great.  At  greater 
ilistances  it  is  very  much  weaker  than 
the  ct>nimon  "electrical"  forces  before 
mentioned. 

These  Forces  All-Embracing. — It 
i>  the  modern  tendency  in  physics  to 
l(H)k  upon  these  attractions  and  repul- 
sions as  fundamentally  at  the  basis  of  all 
the  phy>ical  phenomena  of  nature.  It 
will  be  shown  later  how  they  promise 
e\"j)la nations  of  chemical  affinity,  con- 
duction of  electricity  and  other  phenom- 
ena. 

The  Electric  Current. — The  attrac- 
tion which  an  atom  has  for  an  electron 
varies  greatly  with  the  different  species 
of  atoms,  the  so-called  metals  lieing  sub- 
stances the  atoms  of  which  exert  only 
a  relatively  weak  attraction  on  electrons. 

In  a  metal  therefore  it  will  be  relatively 
easy  to  move  electrons  from  j)lace  to 
place.  When  a  stream  of  electrons  is 
caused  to  move  through  the  })ody  of 
such  a  substance  we  have  an  electric 
current.  From  the  modern  point  of 
view  an  electric  current  in  a  wire  is  a 
stream  of  electrons  moving  throtigh  the 
relatively  large  spaces  between  the  atoms. 

The  electrons  forming  the  electric  cur- 
rent move  very  slowly,  perhaps  only 
.several  inches  a  minute.  This  speed 
must  not  be  confounrlerl  with  the  so- 
called  "speed  of  electricity."  The  enor- 
mous "speed  of  electricity"  is  due  to 
the*  fact  that  the  influence  is  passed 
on  very  rapidly  from  electron  to  elec- 
tron, .so  that  when  the  electrons  at 
the  near  end  of  a  hundred  mile  wire  are 
set  moving  the  electrons  at  the  distant 
end  are  caused  to  take  up  the  motion  a 
very  small  fraction  of  a  second  later. 

In  a  few  words  we  can  say  that  the 
actual  speed  of  the  electrons  is  very  slow, 
but  the  rate  of  speed  of  this  influence  from 
electron  to  electron  is  marvelously  rapid. 


As  an  example  from  every  day  life,  sup- 
])osc  I  pull  on  one  end  of  a  very  long  roi)c, 
the  other  end  will  iuo\"(>  alniosl  imme- 
diately so  that  the  iiijliioicr  travels  with 
great  speed.  Fhe  rope  ilscH",  however, 
may  move  \cry  slowly. 

In  the  electrical  case,  the  iujinence 
traxels  with  the  s])eed  of  light,  /.  c,  one 
hundred  and  eighty-six  thousaiul  miles  a 
second,  whereas  the  electrons  themselves 
(/.  r.,the  true  electricity)  move  only  a  few 
inches  a  iniinil(\ 
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On  Friday,  March  '-24th,  Professor 
George  W.  Ritchey  of  the  Mt.  Wilson 
Solar  01)servatory.  Pasadena,  California, 
will  lecture  before  the  Society  of  Arts  on 
"Recent  Astronomical  Photography  with 
the    Sixty    Inch    Reflecting    Telescope." 

Professor  Ritchey  has  for  many  years 
devoted  liimself  not  only  to  the  design 
and  construction  of  reflecting  telescopes 
but  also  to  their  application  to  celestial 
photography.  He  is  a  recognized  expert 
in  this  field  of  work.  The  reflector  of 
the  Yerkes  Observatory  and  the  mirrors 
of  the  Snow  telescope  now  set  up  at  Mt. 
Wilson  have  both  been  constructed  by 
him.  His  latest  and  greatest  achieve- 
ment has  been  the  construction  of  the 
sixty  inch  reflector  now  mounted  at  the 
Mi.  Wilson  Solar  Observatory,  Pasadena, 
of  which  Professor  George  E.  Hale  is  the 
director. 

The  lecture  will  be  richly  illustrated 
with  lantern  slides  and  will  describe  the 
method  of  constructing  the  above  men- 
tioned sixty  inch  reflecting  photographic 
telescope,  as  well  as  some  of  the  superb 
results  in  celestial  photography  which 
Professor  Ritchey  has  secured  during  the 
past  two  years.  His  photographs  of  star 
clusters  and  faint  nel)ulae  surpass  any- 
thing of   the   kind   hitherto  ol>tained. 

This  lecture  is  open  to  the  public. 


A  REPORT  of  Dr.  Sedwick's  lecture  on 
"Science  and  Hninan  Welfare"  liefore 
the  Society,  February  8th,  will  appear  in 
a  subsequent  number  of  Science  Con- 
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ALTHorcill  llu-  I"'c(I«t;iI  I-"()(h|  and 
Druf^s  Act  lia^  Keen  ill  innc  iiou  I'dp 
lU'arly  four  years  ccrlaiii  of  its  |»n»\i>i»»iis 
art'  not  widely  known,  so  that  a  liricf 
discussion  of  the  procedure  in  enforcing 
it  and  the  results  obtained  should  possess 
general  interest.       ♦ 

In  the  first  place  the  Federal  food  law 
wa>  in  reality  the  se(|uel  to  the  regula- 
tion |)ro\icliiiir  f«»r  the  exaniinaliou  of 
iinporti'd    foods.  Attempts    had    hccn 

niadt"  for  sonu"  time  to  secun'  le^'islation 
hy  Con^'ress  lookin<;  toward  the  control 
of  food  supplii's.  The  opposition  to  th<' 
passage  of  such  legislation  was  sufli- 
cicntly  strong,  however.  In  defeat  the 
various  Kills  intnxluced,  and  it  \\a>  not 
until  March  .'5,  1!)():;,  thai  a  l.iil  proxid- 
ing  for  the  examination  of  im|)orted 
foods  was  passed  as  a  clause  in  the  gen- 
eral apjiropriation  hill  for  the  Deparl- 
ment  of  Agriculture. 

The  enforcement  of  this  legislation 
was  entrusted  to  the  IJun'au  of  Chemis- 
try and  at  a  siil)se<|uent  date,  in  order  to 
facilitate  the  examinations,  lahoratorics 
were  estahlished  at  the  princi|)al  ports 
of  entry,  ^•i/,.:  New  ^'ork,  Hoslon.  San 
Francisco.  Philadelphia  and  New  Orleans. 
Of  these  the  laboratory  at  New  \'ork 
is  hy  far  the  largest  in  volume  of  work, 
and  Boston  stands  next. 

Every  shipment  of  food  products  must 
pass  hy  invoice  at  least  through  the  food 
hihoratory  at  the  port  <»f  cut  ry.  In  some 
eases  a  sample  of  the  product  is  taken  for 
analysis;  in  other  instances  a  sim|)lc 
inspeetion  of  the  goods  while  on  the 
examination  floor  may  he  all  that  is 
required,  as  would  Ik*  the  ease  with  the 
proper  lal)eling  of  a  shipment  of  canned 
peas;  it  may  he  that  no  sample  of  the 
particular  shipment  or  line  of  goods  is 
required.     When  a  sample  is  taken  the 


inipoilcr  is  notified  that  the  shipment 
should  III-  held  intact  until  the  examina- 
tion is  finished,  which  ma,\'  he  a  niatter 
of  scNcral  days,  if  the  goods  an*  found 
upon  examination  iml  to  comply  with 
the  law  the  collector  of  customs  is  noti- 
fied and  the  gocxls  must  he  returned  to 
the  cuslonis  warehouse.  Tlu-  importer 
is  notified  of  the  result  (»f  the  analysis 
and  assigncfl  a  date  for  a  hearing  at  the 
laboratory ,  usuall\'  at  the  end  of  two 
weeks.  In  the  meantim<-  a  pctrtion  of 
the  sample  is  forwanjed  to  Washington 
for  a  <lu|)licale  analysis  in  order  that  a 
report  ma,\-  he  returned  hetore  the  <latc 
fif  I  lie  hearing. 

In  the  case  of  foods  which  conflict 
will)  llic  regulations,  if  no  e\idence  has 
heen  adduced  at  the  hearing  to  warrant 
any  change  in  the  customary  proce<lure 
there  are  several  distinct  courses  open 
to  the  food  oflicials.  If  the  case  is  the 
first  of  its  kinri,  for  instance,  or  there 
seems  to  exist  a  reasonahle  douht  as  to 
wliellier  the  im|)orter  has  had  sufficient 
notice  in  regard  to  th<'  regulations,  a 
warning  that  future  im))ortat ions  nnist 
comply  with  the  law  may  he  the  onl\ 
action  taken.  This  action  is  compara- 
tively rare  at  present,  hecause  the  law 
has  heen  in  force  for  a  sufficiently  long 
time  for  all  directly  concerned  to  heeome 
familiar  with  its  reejuirements.  In 
another  case  it  may  he  that  the  goods  are 
niishrande<l  in  some  way  ami  if  properly 
labeled  wouhl  c-omply  with  the  regula- 
tions. In  thes<'  instances  it  is  (»ften  per- 
missible to  have  the  goods  relabeled  under 
the  suiK-rvision  of  the  customs  autlH)ri- 
ties.  In  certain  cases  where  the  adul- 
teration is  of  such  a  nature  that  it  cannot 
be  corrected  by  a  slight  change  in  the 
character  of  the  food  |)rofluct  or  by  alter- 
ing the  label  it  is  rerpiired  that  the  goods 


84 


Hm\mH'('    (^)IlSj)0(•lUS 


ho  rt^shippctl.  If  siu-li  adultoratrd  I'otJils 
art*  iu>t  rciiu)viHl  from  I  ho  juris(liot\t>n 
of  tho  I'nitoil  Statos  within  a  spooifiod 
timo  tho  ooIltH'tor  of  oustoins  is  author- 
izoil  to  soi/.o  and  dostrov  thoni. 

It  did  not  roipiiro  an  oxtondod  oxpori- 
onoo  in  tho  practical  onforcomont  of  those 
rogulations  to  show  that  while  Ihoy 
hrousjht  ahont  a  docidod  ini])rovonicnt 
in  tho  character  of  inii)ortod  foods  they 
did  not  go  far  enough.  The  need  for  Fed- 
eral supervision  of  the  goods  after  tlioy 
reached  this  country  and  wore  distrib- 
utotl  was  evident.  An  instance  or  two 
will  siiow  more  specifically  this  need.  In 
one  case  a  consignment  of  olive  oil  was 
shown  to  c«)ntain  about  -20  per  cent,  of 
j>eanut  oil  ami  tho  inijjorters  wore  noti- 
fietl  that  in  future  shijjnionts  the  latter 
ingrediont  shouhi  ho  omitted.  In  a 
shipment  arriving  several  months  later 
it  was  found  that  the  olive  oil  was  genu- 
ine, but  that  every  four  barrels  of  oli\-o 
oil  were  accompanied  l)y  a  barrel  of  pea- 
nut oil.  The  intention  of  the  imj)ortor 
is  sufficiently  obvious.  Another  case  in 
point  was  that  of  a  broker  who  oflForcd 
for  import  five  tons  of  ground  olive  stones, 
which  were  declared  to  be  for  use  as 
chicken  feed.  Although  it  was  known 
that  tho  consignee  in  this  instance  did 
not  deal  at  all  in  chicken  f<'od,  tho  ship- 
ment could  not  be  rejected  since  it  was 
exactly  as  labeled.  Within  a  few  months, 
of  nine  samples  of  the  drugs  distril)uto<l 
by  the  importer  in  question  five  were 
found  to  contain  large  quantities  of 
ground  olive  stones.  Could  there  be 
much  doubt  that  these  belonged  to  the 
lot  inifjorted  previously? 

Tho'so  instances  show  j)lainly  tho  need 
of  legislation  which  would  jjennit  tho 
goods  being  followed  into  consumption. 
This  formed,  as  a  matter  of  fact,  one  of 
the  stfongest  arguments  for  the  passage 
of  the  act  passed  June  30,  1906,  and 
IK)pularly  known  as  the  Pure  Food  Law. 
The  demand  for  such  a  law  is  voiced  in 
decided  manner  by  a  writer  at  that  time. 
He  .says:  "Counterfeiters  of  money  are 
restrained,  violators  of  the  internal  rev- 
enue laws  are  held  in  check,  pirates  are 
summarily  disposed  of,  but  those  who 
counterfeit  food  and  drugs,  violate  state 


laws  and  l)ring  dishonor  upon  tho  country 
by  pirating  tho  ropulalion  and  trade  of 
honest  gotuls  arc  allow<>(l  to  continue  for 
lack  of  a  Fedora!  law." 

riic  act  of  June  :U),  !!)()().  controls 
al)>olulcly  the  manufacture  and  sale  of 
adulterated  foods  in  the  l(>rritorios  and 
the  District  of  Columbia,  lis  wid(>st 
liold,  how(n-or.  lies  in  the  lact  that  it 
regulates  I  lie  sale  or  shi|)niciil  to  sell 
from  one  state  to  another  or  into  or 
from  the  coinitry.  The  administration 
of  tho  new  law,  as  in  the  case  of  the 
imported  foods,  was  intrusted  to  the  Sec- 
retary of  Agriculture  and  ])raclically  all 
the  work  is  done  under  the  direction  of 
the  liuroau  of  Chemistry.  ()\'er  twenty 
laboratories  have  been  estal)lisho(l  in 
various  parts  of  the  country  to  further 
the  work  and  an  efficient  .system  of 
inspection,  analysis  and  control  has  been 
put  in  operation.  The  ])rocedure  in  the 
collection  and  examination  of  tho  inter- 
state samples  is  not  essentially  diflerent 
from  that  of  the  imported  foods  just 
described.  Samples  are  collected  by 
the  authorized  inspectors.  'J'hese  are 
exan)inefl  chemically,  and  if  necessary 
bacteriologically,  and  in  tho  case  of  adul- 
terated sami)les  the  analysis  is  made  also 
at  another  laboratory  in  order  to  con- 
firm the  first  finding.  Reports  are  made 
to  tho  Hoard  of  Food  and  Drug  Insi)ec- 
tion  in  Washington,  anrl  at  their  dis- 
cretion cases  are  roforrofl  to  tho  Depart- 
ment of  Justice  for  j^rosocution  in  the 
Federal  courts. 

In  carrying  out  the  provisions  of  the 
act  the  services  of  trained  chemists  and 
esi>ec-ially  of  those  conversant  with  the 
special  methods  of  food  analysis  were, 
of  course,  al)solutoly  essential,  and  it  is 
gratifying  to  note  in  this  connection  the 
largo  share  that  the  Institute  of  Tech- 
nology has  had  in  this  constructive  prob- 
lem. From  the  very  beginning  the  food 
laboratory'  has  been  in  close  touch  with 
the  development  of  the  work  and  its 
students  and  graduates  have  taken  an 
active  part  in  the  necessary  labor  of 
inifjroving  and  devising  methods  of  food 
examination,  of  determining  standards 
of  [>urity  and  in  tho  varied  jjrocossos  of 
enforcing   tho  new  law.     Several   of  the 
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newly -fNtal)li>liftl  lalMHaloiie^  arc  in 
<'liar;ie  of  Instilnle  men  ami  nnmcriHiN 
<)llier>  are  eii;ia;,'e(l  in  all  liranelies  nf  (lie 
a<lmini>lrali\  (•  work  from  makin;:  the 
eollection  and  analy-^is  of  llie  satnpli-  to 
tli<-  tiiiai  a|)|)earanee  in  tli«*  eonrl>. 

Ilie  act  i>  very  compreliensiNr  in  il- 
sidpe.  eo\frin;i,  i>'  the  eas«'  ctf  foo(|>,  all 
articles  used  as  food,  drink,  ((infect  ioii- 
ery  or  condiment  l»>'  man  or  other 
animal>.  liider  the  term  "diiiu'--"  are 
incln(|e(|  all  medicino  or  |)re|)arat  ion> 
reeoL,Mii/.ed  in  the  I  nite(l  Slater  IMiarma- 
eo|)(eia  or  National  l''ormnlary.  internal 
or  <'\ternal.  for  man  or  atiimaU.  or  an.\ 
mixture  for  llie  prevention,  cure  or  miti- 
gation of  disease.  It  forliids  definitely 
all  forms  of  faUe  laKeliiiii  (»i'  misstate- 
ments. Several  of  the  important  pro- 
\  isions  of  the  act  ha\"e  not  heen  entirel\' 
or  correctly  understood  l»y  the  general 
|)ul)lic.  Prominent  amon<,'  these  is  the 
so-ealle(l  ";^naranlee  clans(  ."'  riii> 
i'lause  j)rovides  in  effect  that  the  dealer 
who  purchases  his  j^oods  under  a  guar- 
antee from  the  manufacturer  shall  lie 
exempt  from  an\'  lialiilitx'  under  llie 
act  in  case  the  <ioods  are  found  to  lie 
a(lulterate(|.  hut  that  the  action  shall  lie 
Krouuht  directly  against  the  guarantor. 
This  guarantee  is  secure(|  hy  a  state- 
ment placed  on  the  j)aekage  of  food  thai 
if  is  "(iuaranfeed  under  the  Fooil  and 
Drugs  Act."  accompanic(l  \<\  the  serial 
numher  iA  the  guaratdee  filed  with  the 
Department  of  Agrieult  ure.  I'his  state- 
ment, contrary  to  a  rather  prexalent 
l»elief,  is  no  guaraidee  of  the  |)urily  of 
the  food  nor  does  if  imj>ly  that  the  gov- 
ernment certifies  its  freedom  from  adul- 
teration. So  widespread  has  hceome  the 
opposite  impression,  however,  that  it 
has  Keen  found  necessary  to  change  the 
form  of  this  guaraidee  legend  to  read 
"(itiarantecd  i)y  lilank  &:  Co.  under  the 
Food  and  Drugs  Act." 

There  is  nothing  in  the  act  which 
ro(|uires  that  tlie  formula  or  composi- 
tion of  i>roprietary  foods  or  remedies 
shall  he  placed  u{)on  the  package, 
although  many  j)ersons  have  the  impres- 
sion that  it  is  so.  It  is  refpiired  that  the 
presence  and  amount  of  certain  power- 
ful    or     daniicrous     druszs,     as     alcohol. 


(•(leaiiie,  morphine  and  others  shall  l»e 
siateil  elearl\  iipiiri  the  container,  hut 
this  a|)plies  ord,\  to  drugs,  not  to  foods, 
and  ItcNdud  this  the  fornuda  need  not  lie 
gi\('n.  Neither  is  it  re(|nire(l  that  the 
weight  or  \(ilume  shall  |je  staled.  In 
liiilh  of  these  cases,  however,  if  the  for- 
mula or  the  weight  or  \(»lume  />•  staled 
it  uMisI  lie  the  correct  one  in  each  case, 
otherwise  the  package  is  mislirande(|. 

The  Use  of  prcscrvat i\'e  chemicals  in 
food  is  in  general  forliidden.  .V  nolahle 
cxecplion  to  this  r\ding  is  the  use 
of  external  prcserxal  ives  necessarily 
removed  in  the  process  of  preparing  the 
food  for  consumption,  and  tin*  use  for 
the  present  of  sodium  l»en/,oate  in  (|uaii- 
titics  iidt  exceeding  one  tenth  of  one  per 
cent.,  which  following  the  decisi(»n  of 
the  referee  hoard  of  chemists,  is  permis- 
sihlc.  The  Use  of  coal-tar  colors,  with 
the  exception  of  sexcn  (lelinilely  slate(| 
shades,  is  foiliiddi  II.  and  these  |)ermis- 
sitilc  (•(iliifs  cm  he  Used  only  when  |)rop- 
eil\  prepare(l  and  (•crtifie(|.  The  presence 
of  artificial  color  miisl  he  declared  in  any 
e\ cut . 

It  is  pro\ide(|  in  the  act  that  the  results 
of  prosecutions  shall  he  |>uhlished,  and 
this  is  done  in  the  "  Notices  of  .ludgmenl  " 
issue(|  from  time  to  time.  ()\cr  (»<>()  of 
these  hax'c  hcen  issued  up  to  the  |)resent 
ami  all  inspection  of  tlieiii  will  show 
elearl\     the    eliaraclef    of    llie    offences    for 

which  prosecutions  ha\c  hcen  hroiight. 
It  is  rather  striking  to  see  the  nundicr 
of  cases  in  which  the  action  of  the  offi- 
cials has  hcen  taken  on  account  of  short 
weight  or  measure.  These  cases  which 
are  nothing  more  nor  less  than  sitn|)le 
cheating  or  dishonesty  are  surprisingly 
numerous.  The  other  principal  clas.se.s 
of  adulteration  which  go  to  make  up  the 
greater  hidk  of  the  indictments  are  for 
the  sale  of  decomposed  or  unwholesome 
food,  patent  and  fake  medicines,  "cures" 
and  the  like,  'i'liesc  are  usually  Umnd 
to  he  mishranded  rather  than  actually 
dangerous,  articles  for  which  the  most 
extravagatd  claims  are  made  and  which 
hring  a  high  price  heing  found  in  many 
instances  to  he  composed  of  entirely 
worthless  ingredients.  Sometimes  the 
reverse  is  true,  as  in  the  ca.se  of  a  teething 
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syrup  for  wliicli  tlu*  claiiu  was  luadr  that 
it  was  ahsoliitoly  (rev  from  any  harmful 
iuuroliout  ami  could  l»c  usod  with  saf»>t\- 
with  the  \«»uni:osl  halu'.  hut  which  on 
cxaminatit>ii  was  found  tt»  contain  con>id- 
oral»lo  t[uantitit\s  of  alcohol,  chloroform 
and  niorpliiiic. 

It  is  impossihlc.  how»'\t'r.  for  a  fair- 
niindod  |>orson  to  read  these  accounts 
of  the  cases  hrouirht  without  IxMUi: 
impressed  l)y  the  disparity  in  many 
cases  hetween  tlie  crime  and  the  i)enalty 
imposed.  A  fine  of  five  dollars  for  tiie 
sale  of  a  fraudulent  toilet  preparation, 
widely  advertised  and  jjurchased  hy 
trusting  consumers  all  over  the  country, 
seems  hardly  to  fit  the  case.  Nor  does 
it  stx^m  enough  that  a  firm  which  delih- 
erately  shi|is  into  interstate  commerce 
a  consignment  of  frozen  eggs  far  advanced 
in  decomposition  should  sufi'cr  no  fur- 
ther punishment  than  the  confiscation 
of  the  goods,  which  they  are  already  well 
aware  should  never  have  l)een  sent  out. 
Many  instances  illustrating  this  point 
might  l>e  mentioned  were  it  not  that 
they  would  extend  this  paper  beyond 
desirable  limits. 

When  we  come  finally  to  see  what  the 
Pure  Food  Law  has  accomplishecl  in  the 
time  that  it  lias  been  in  operation  there 
is  evidently  much  of  value.  A  great 
deal  was  brought  about  even  before  the 
act  went  into  operation  merely  through 
the  silent  force  of  a  National  law.  A 
majority  of  the  retail  dealers  were  sin- 
cerely and  cordially  in  favor  of  the  law; 
many  of  the  manufacturers  ad\anced  the 
standard  of  their  goods  and  showed  their 
willingness  to  deal  fairly  by  the  authori- 
ties, the  retailers  and  the  consumer. 
The  simple  enactment  of  such  a  statute 
was  sufficient  to  drive  much  arjulterated 
and  misbranded  food  from  the  market. 
Another  general  arlvantage  resulting  from 
the  new  law  was  the  awakening  to  greater 
efforts  of  some  of  the  state  officials,  and 
what  is  of  still  greater  importance,  the 
revival  in  cr^^stallizcd  form  of  the  move- 
ment for  the  greater  uniformity  of  state 
legislation  regarding  foods.  The  ave- 
nues of  trade  are  National,  not  local,  and 
it  is  in  many  ways  a  commercial  afjsurd- 
ity  that  an  article  of  frxjd  should  l>e  con- 


sidered pure  in  one  stale  and  impure  in 
anolluM-;  that  harmful  substances  should 
change  their  nature  and  b(>come  innoc- 
uous as  they  cross  the  state*  line;  that 
a  truthful  label  in  Texas  should  become 
fals«'    in    Massachusetts.  I'urity    and 

truth  are  not  sujjposed  to  be  variable 
terms.  Kven  its  most  enthusiastic  advo- 
cates do  not  claim  that  the  limit  of  i)er- 
fection  has  been  reached  in  the  Federal 
law,  but  it  is  a  significant  fact  that 
l)etween  June  SO.  !!)()(;,  and  July,  1!)()7, 
new  general  food  laws  or  sweeping 
amendments  to  old  laws  were  j)assed  in 
thirty-two  states;  that  many  of  the 
most  important  provisions  of  these  laws 
are  based  uj)on  the  National  statute. 

That  the  Pure  Food  Law  is  responsi- 
ble, on  the  other  hand,  for  the  increase 
in  the  price  of  foods  is  easily  shown  to  be 
untrue.  It  is  e(|ually  responsible  for 
the  increase  in  the  cost  of  labor,  of  rent, 
of  clothing.  The  cause  is  a  more  gen- 
eral one.  The  one  exception  is  possibly 
in  the  articles  formerly  sold  in  competi- 
tion with  those  that  were  adulterated 
or  misbranded.  These  bring  their  nor- 
mal prices,  while  the  adulterated  ones 
bring  less.  Neither  is  the  food  law 
resj)onsil)le  for  the  increase  in  the  price 
of  milk,  which  is  caused  by  the  agitation 
for  clean  milk,  milk  produced  under  sani- 
tary conditions  and  from  non-tubercu- 
lous cows. 

Finally,  then,  in  the  Federal  law  we 
have  a  statute  who.se  terms  are  broad 
and  comprehensive.  It  provides  against 
all  adulteration,  the  use  of  harmful  sub- 
stances and  false  labeling.  It  does  not 
attem})t  to  legislate  on  scientific  ques- 
tions, but  leaves  such  questions  for  .sci- 
entific determination  and  regulation. 
It  provides  opportunity  for  the  injured 
party  to  be  heard  in  defence  of  his  i)rod- 
ucts  before  court  proceedings  or  seizure. 
It  provides  a  means  for  cooperation 
between  National  and  state  officials  by 
requiring  the  National  authority  a«lmin- 
istering  the  law  to  examine  and  report 
upon  any  specimen  of  food  submitted  by 
the  health  officer  of  any  state.  It  is 
the  only  present  basis  for  uniformity  on 
this  subject  throughout  the  various 
states.     What    is    still    needed    most    of 
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all,  lioucvtT,  is  a  j^rt'ah'r  n's|M'<t  f«»r  lliis 
aiui  otJMT  laws  <ni  flir  part  of  |»n)- 
diU'cr  ami  srllcr.  \\r  iifcd  a  iiitti-f  sensi- 
tive pul)lic  (•uii><i»'M<<-.  It  is  in'crssary 
that  the  l)iilk  <»f  iiit<'Ili^'eiil  p«*(tplc  shall 
take  limr  f«»  cotisidrr  IIicm-  tliiiij^'s  and 
to  iiplioM  IJir  piihlic  oHicials  who  arc 
rii«l<'a\ oriii;^  in  the  facr  of  a  (Iclrriiiiiicd 
and  at  tiiiHvs  slrnmoiis  oppositimi  lo 
enforce  the  rights  of  the  l(tiii:-Nnn'erinj; 
consumer. 


A  m:w  i:im)(  II   in  .\i{(  iirn-.c- 
iiKAi.  i.i(.iiri\(. 

A  I'Al'KU  recently  procnted  l»\'  Bas- 
sett  .Ion<'s,  Jr.,  irraduate  of  the  Institute 
of  'l'i-chuoloi,'y  in  the  course  of  electrical 
eni:in<'erini:,  niark>  what  iiiu-<t  l»e  con- 
>idered  a  new  epoch  in  the  lii-tnry  n|' 
electric  lii,'litinu  according  to  the  i'.hctn- 
cal    Worlil.      'l'\\\-    is    |irolial>l\"    the    lir^t 


to  indin'ct  li^htin^'  and  employed  liotli 
colon-d  screens  and  colon^^l  illuniinant  s. 
'r«)  apply  colored  li},'ht>  harnioni<iUs|y, 
re<|uires  the  sohition  of  soin«'  knotty 
prohleins  in  li>:hl  dill'usinn.  TIm-  Ituild- 
in;,'  tn-ated  was  the  .VIIc^'lR-ny  County 
( I*a.)  Sohliers'  Memorial. 

The  treatment  of  the  ceiling' of  the  main 
auditorium  concentrates  antund  the  lit'lil 
<enters  which  are  also  architect  ural  centers 
when  the  room  is  li;.'liled  l»y  ila\  li^'ht  fnun 
without.  These  centers  consist  of  ri<hly 
pierced  plaster  <»rnament  and  o\er  these 
picrcin;:s  are  suspend«'(l  \arious  tornis 
<•!  cleclric  illuminants  with  s|)ecially 
s|i;i|»(i|  reflectors.  l''or  a  mellow  ^'olden 
lone,  a  comhination  of  lun;,'sten  lamps 
and  ainher  ^lass  was  fouml  to  Im-  the 
most  eflicicnt  source  of  illumination. 
{"'Jseuherc  yellow  flame  arcs  were  em- 
ployed for  decorati\i'  elVect  in  comlti- 
iialioii  wilh  nitro^'cn  lul>es  sheddin;,'  a 
pale  pinkish  {^low  and  with  mercury  arcs 
lolled  to  a  soft  sk\'-l)Iui'  l>y  colored  ;;lass. 
The  expense  of  this  form  of  illumination 
was  prol>al)l\  less  than  with  the  more 
<'on\-enf  ional  form,  as  the  cost  of  fixtures 
would  ha\-e  e\ceede(l  that  of  the  plan 
adopted. 

The  acctunpan\in^'  cut  shows  one  of 
the  ceilin«r  centers. 
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example  in  which  the  full  resources  of 
the  illuminating  engineer  ha\«'  l)e<'n 
marshalled  to  aid  the  electrician  in  carry- 
ing out  his  designs. 

Air.  Jones  made  the  illumination  the 
fundamental  part  of  the  decorative 
scheme.     To  do  this  he  freelv  resorted 


SIB  srHFAC'i:  cwriir.s 

I.\  sexi'ral  cases  railroad  tunnels  have 
revealed  the  existence  of  large  caves  of 
whi<h  there  is  no  external  e\iden<-e. 
These  caves  or  rifts  are  very  large  in 
some  ca.ses  and  seriously  interfc-re  with 
the    driving    of    tunnels.  The    latest 

instance  of  this  is  in  conn<'ction  with  the 
new  railroad  line  to  connect  Home  and 
Naples.  .\  funnel  four  and  one-third 
miles  long  under  Mt.  Orso  struck  a  deep 
rift  '200  feet  wide,  a|)parently  decend- 
ing  to  the  >ea  le\('l.  It  will  be  necessary 
to  go  around  this  cavity  and  work  from 
the  other  side.  The  method  by  which 
the  road  will  })e  carried  over  the  cavity 
lias  not  yet  been  decided  upon. 


88 


Sc-i(Micr   ( \)ns])(M't us 


IHK  >«H  IK1\    (M    Al{r>  Ol-     IHK    MASSA*.  Ill  SKI"  IS    INSITII   ri',  Ol'    TKi  ll.\()L()(.Y 
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PROFESSOR   WILSON'S     LECTURE 
FRIDAY 

PR<)FP:^isoR  Edmtnt)  Beecher  Wilson, 
one  of  the  foroniost.  if  not  the  very  first,  of 
biolojiists  of  tlie  I'nited  States  to-(hiy,  is 
more  particuhirly  a  eytologist, — i.  e.,  one 
wlio  studies  the  phenomena  of  eell  life  and 
individual  cells.  In  his  specialty  he  is 
brought  face  to  face  with  the  funda- 
mental i)henomena  of  life,  both  cellular 
and  in  the  form  of  complex  organisms, 
and  es[)ecially  with  cell  multij)lication 
and  reproduction. 

Professor  Wilson's  volume  entitled. 
"The  Cell  in  Development  and  Iidieri- 
tance"  as  soon  as  it  aj)j)eared  became  a 
classic,  and  has  been  translated  into  sca- 
eral  Continental  European  languages. 

Of  late  years  Professor  Wilson  has 
given  special  attention  to  problems  of 
heredity  and  the  genesis  and  control  of 
.sex,  and  in  his  lecture  on  Friday  evening, 
he  is  likely  to  deal  in  a  novel  and  original 
way -with  these  most  fundamental  of  all 
biological  subjects. 

Professor  Wilson  is  also  famous,  not 
only  as  an  original  worker,  V>ut  for 
a  manner  of  unusual  magnetism  and 
charm.  He  is  rightly  con.sidered  one  of 
the  best  of  living  teachers  of  biology,  and 
.some  of  the  most  prominent  biologists  of 
the  day  have  been  trained  in  his  lal)ora- 
tor%-,  and  in  contact  with  his  stimulating 
jjer.sonality.     He  is  very  rarely  heard  in 


})ul)lic  and  his  ai)i)earaiice  in  Huntington 
Hall  on  March  .Sd,  will,  therefore,  af- 
ford an  unusual  opjjort unity,  for  which 
the  public  are  indebted  to  Profes.sor  Wil- 
son's close  personal  friendship  with  Presi- 
dent Maclaurin. 

This  lecture  is  open  to  the  public. 


NEW  MEMBERS  OF  TUE  SOCIETY 

At  the  meeting  of  the  Society  of  Arts 
held  February  8th  the  following  applicants 
for  membership  were  presented  and  elected : 

\Vm.  A.  Paine,  82  Devonshire  St.,   Boston,  Mass. 
Jerome  C.  Hunsaker,  U.  S.  X'.,  215  Newbury  St., 

Boston,  Mass. 
Edmund  D.  Barbour,  010  Sears  Bldg.,  Boston,  Mass. 
Sylvester  Baxter,   32  Murray  Hill    Road,  Maiden, 

Mass. 
Samuel  X'.  Brown,  11!)  Common wealtli  Ave.,  Bos- 
ton, Mass. 
Myron  II.  Clark,  7  Glen  Rock  (Circle,  Maiden,  Mass. 
I>onidas  II.    Cress,     Brae    Burn    Country   Club, 

West  X'ewton,   Mass. 
Frank  ,'\.  Day,  ^5  Congress  St.,  Boston,  Mass. 
Edwin  F.  FoIhs,  '.i  Chandler  St.,  Lexington,  Mass. 
(  harles  W.  Hubbard,  .5.3  (  ongress  St.,  Boston,  Ma.ss. 
Arthur   A.    Knights,    100    Bcjicon    St.,    Worcester, 

Mass. 
Arthur  T.  Lyman,  P.  O.  Box  1717,   Boston,   Mass. 
Miss  Susan  Minns,  14  Louisburg  Sq.,  Boston,  Mass. 
John   Wells  Morss,    201    Devonshire  St.,    Boston, 

Mass. 
T.  F.  E.  Reardon,  Hotel  Longfellow,  West  Lynn, 

Mass. 
Hulx-rt  S.  Smith,  215  Xewbury  St.,  Boston,  Mass. 
Carl  Wachter,  .S90  Harvard  St.,  Cambridge,  Mass. 
David  L.  Webster,  l.'}4  Summer  St.,  Boston,  Mass. 
Henry  M.  Wheelwright,  I'nion  .St.,  Ware,  Mass. 
Frank  W.  Kimball,  283  Walnut  St.,  Dedham,  Mass. 


lirMAN    AM)    HOMNK    1  rBKIK'riX)SlS 

(.|{i:ai    I)\\(.i:i{   i\   mii.k   ikom    \\  \\\:\n  \  loi  s 

(ows    oi  I    (H     iiii{i;k  mM)i{i:i)   wd   iii  in- 

rwo    (  \-i:-   (H-     11  iu:i{(  ri.osis   i\    (  iiii.dkia 

n\i:(^i  \iMi:i{  \\i:i{i.  ok  honim-;  okk.in 

TllKui:  has  Ix'iMi  a  ureal  (leal  ot  iiilcrcsl  lion    uitli    llic   (■iilhircs   (tf   the   (»r;4aiiisiii 

shown  for  a  loii^  time  with  rcj^anl  lo  the  <iro\vii   in    the   lahoratory   iiinlcr  siiitaltit' 

possihility  of  liilxTcnlosis  of  calllr  1)<mii«,'  rondilioiis.     This  method  of  dillereiil  ia- 

traiisinilletl    (o    man.   aii<l    lh«'   discoxcry  lion    reeeixccl    litth'    altenliou    iinlil    the 

(»f  recent    _\'ears   that    a    lar<ie   proportion  (|ne>tion    took   on    new    imporlanee   as   a 

of  onr   milk   eows   are   infected  wit  h  t  his  resnit     of     Koch's     ^.tarthn;:     ><tatemenls 

disease  has  increased   the  intere>«t    in   the  ah'ead\'  referre<|  to. 

prohh'in.       In     ISS'i,    when     Dr.     Koliert  Sinc<'  then   it    ha>.   Iteen   the  lia^i^  of  a 

Koch  discoNcred  the  Itaciliiis  of  tnliercn-  ;:real    deal   of  in\'estif.'alion,   and   an    iin- 

h>sis,  the   nnily  of  tnliercnions  di>ease  in  portanl     paper    l>y    Doctors    WiHiaui    II. 

man    and    the     lower    aiiinial>    was    defi-  Park  and  (  harh-s  Krn?nwie<h',  .Ir.,  in  llie 

uitely  estahhshecl,  and    np    to    l!)(ll  there  .foiinml  of  M nlinil  Hrscurrh  Un- ih\u\n'\\ 

was  a  stea<iy  growth  in  the  l)elief  that  the  1!)10,   on    "The    Relative    Importance  of 

disease  conid   he  lransmitl<'d   from  Kcasl  the     Mox  ine  and     Unman    'r\iie->  of    the 

to   man.       The   reason   for   the  change  of  'riihercle   Hacilli   in    the   DilTerent    I*'orms 

belief    that    occurred    at     this    time    was  of   Unman   Tnlicnnlosi^  "    makes   ns<'  of 

primarily   due   to   a   statement    made  l>y  these  methods  of  ilitlerent iaiion.     These 

Dr.   Koch  himself,  in  which  he  douhted  investigators   made   a    remarkalde   stu<ly 

very  seriously  the  sjisceptihility  of  human  into  the  problem  and  coru-lude  that  tuher- 

beinjis  to  lM)vine  tuherctdosis.and  he  even  cle  bacilli  as  i.solated  from  man  fall  into 

stated  that  it  was  his  l)elief  that  no  special  two    j,'roups.    and    that     "one    of    these 

protective      measures      were      indicated.  groups   is   id«Mdical    in    all    its   characters 

Since  that  time  many  prixate  and  i)ublic  with  that  fomid  in  catlh'." 
iiivestijiations   hav<'  been   made   in   order  In    this    research    they    ha\e    made    a 

to  settle   tlur   (pM'stion    and    prove  eitlnT  special  stud\' <»f  i:U!  cases  of  human  t  uber- 

f)ne  way  or  the  other  with  re<,'ard  to  llu^  culosis,   from    which    they    ha\e   isolat<'d 

transmission   of  (li.sea.se   from   animal    to  in    each    instance  the    jxerm    causing  the 

man.  disease.     Furthermore  they  have  .selected 

The  most  direct  metho<l  of  experimcn-  their  cases  at  rand<Mn  and  have  not  made 
tation  woidd  ha\"e  been  to  ha\e  inoculateil  any  special  eltort  to  ^'et  cases  in  which 
human  being's  with  the  fferms  of  bovine  the  probability  of  bovine  infection  seemed 
tul)ereulosis,  but,  of  course,  this  nwlhod  large,  as  was  done  by  most  of  the  previous 
was  not  pernu'ssible.  Dr.  Theobalil  investif^ators.  They  wished  to  find  out 
Smith  in  ISIXI  and  1S!(S  published  papers  by  this  means  the  amount  of  tulierculosi.s 
in  which  he  pointed  out  certain  charac-  that  could  actually  l)e  c-onsidered  of 
teristies  t)f  the  germs  of  human  and  bovine  bovine  origin.  Of  the  VM\  ca.se.s,  !291 
tulierculosis  which  gave  evidence  that  were  jjulmonary  tuberculosis,  or  eon- 
there  were  differences  existing  between  sumption,  and  in  none  of  the.se  were  they 
them.  There  are  now  recognized  distinct  able  to  discover  tubercle  bacilli  with 
types  of  human  and  bovine  tubercle  bovine  characteristics.  In  ^297  eases  of 
bacilli.  The  ditierences  are  based  on  all  kinds  of  tuberculosis  in  adults,  they 
certain  cultural  and  virulence  variations,  were  oidy  able  to  find  the  bf)vine  tul)ercle 
the  word  "cultural"  being  used  in  its  bacillus  once,  this  being  in  a  case  of  tuber- 
bacteriological   sense,   tliat    is,   in   eoimec-  culosis  of  the  genito-urinarv  sVstem.     In 
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o4  oases  cxaminrd  of  cliildrtMi  hclwiHMi 
the  ajzos  of  fivo  to  sixteon  llu\v  wore  siu'- 
cossful  ill  finding  the  hovinr  orgaiiisin 
on  nine  oct-asions,  and  in  84  cases  of 
cliiKlron  under  five  years  of  age  tliey  were 
aMe  [o  find  this  organism  twenty-two 
times.  As  is  well  known,  tuhereulosis  in 
children  and  infants  is  mostly  confined 
to  the  glands  of  the  neck,  the  membranes 
of  the  hrain.  the  hones  and  joints,  al- 
thouirh  generalize*!  hihercnlosis  is  fre- 
(luently   met   with. 

In  a  spet-ial  tahle  of  .50  fatal  cases  in 
children  under  five,  they  show  that  1),  or 
1.3  percent.,  had  an  infection  of  the  hovine 
type.  Hesides  their  own  observations, 
they  have  collected  the  investigations  of 
various  foreign  observers  who  have  also 
isolate*!  the  tubercle  bacillus  from  each 
case  and  studied  it  to  determine  whether 
of  the  human  or  bovine  ty])C.  In  all  they 
have  collected  (MH\  cases,  to  which  they 
have  added  their  own,  4.3(5,  making  a  total 
of  l.CHtJ  cases  .studied.  Of  this  mimber, 
686  were  ca.ses  in  aduUs,  and  only  1..3  per 
cent,  of  them  were  of  bovine  origin.  One 
hundre<l  and  thirty-two  were  ca.ses  in 
children  from  five  to  sixteen  years  old, 
and  >2.5.(>  |)er  cent,  of  these  showed  infec- 
tion with  bovine  tubercle  bacilli,  while  in 
■2-20  cases  of  children  under  five,  '26.8  per 
cent,  were  found  to  l)e  causerl  by  the 
bovine  type  of  organism.  In  4  ca.ses 
both  types  of  organisms  were  found. 

This  splendid  piece  of  work  emphasizes, 
then,  the  danger  that  children  run  in 
drinking  the  milk  of  tuberculous  cattle. 
It  also  proves  conclusively  that  adults 
rarely  are  able  to  contract  the  disease 
from  milk  or  its  products.  'J'his  investi- 
gation should  be  of  great  assistance  to 
public  health  authorities  in  their  demand 
that  all  milk  .<>old  within  the  limits  of 
their  jurisdiction  shall  come,  either  from 
animals  which  have  been  tested  and 
proven  free  from  tuherculo.sis,  or  .shall 
be  pasteurized  so  that  any  germs  of  this 
kind  which  might  be  present  would  be 
killed  and  the  milk  thus  rendered  a  safe 
food  for  all.  S.  M.  G. 


CHK.VT  rR.WS.V'l  LANTIC  IJNERS 

Di  uiNc  [\\c  |)ast  year  I  lie  readers  of 
tlie  ncwspa|)crs  liave  l)cen  frc(|uently 
astonished  by  the  aimouncemenis  of  new 
ocean  liners  ever  increasing  in  length, 
ca])acify  and  speed.  The  "J^usifania" 
and  "Mauretania"  are  the  giants  of 
yesterday  with  a  IcTigth  of  700  feet  and 
a  dispIaceiiHiil  of  40,000  tons.  The 
"Olympic,"  lauuclicd  last  year,  is  nearly 
100  feet  longer  tlian  tlicsc'or  88^2 ^2  f^'t't, 
with  a  disj)lacement  of  ()0,000  tons,  and 
the  "Euroj)a,"  the  new  boat  of  (he  Ilain- 
burg-American  Line,  will  Ix*  900  feet  in 
length  and  will  have  a  displacement  of 
65,000  tons.  The  "Olympic"  and  her 
sister  ship,  the  "Teutonic,"  will  have  a 
speed  of  "21  knots  and  the  "Europa, " 
'Ziyz  or  '^'^  knots.  The  Cunard  Steam- 
ship Co.  have  announced  that  they  will 
build  a  shij)  of  the  same  general  class 
but  sj)eedier  with  a  length  of  8.5.5  feet. 

The  size  of  ocean-going  steamships  is 
now  limited  by  the  length  of  the  piers 
and  the  depth  of  the  harbors.  These 
immense  vessels  will  tax  the  facilities 
of  the  New  York  docks.  A  strong  effort 
is  being  made  to  induce  the  War  I)e|)art- 
ment  to  allow  the  extension  of  the  piers 
further  into  the  Hudson  Ri\('r.  In  a 
speech  recently  made  by  Admiral  Bowles 
of  the  Fore  River  Shipbuilding  (^o.,  he 
stated  that  he  expected  to  .see  vessels 
1,000  feet  in  lengtli. 


The  fiftieth  anniversary-  of  the  granting 
of  the  charter  to  the  In.stitute  of  Technol- 
ogy- will  be  commemorated  April  10. 


THE   ATLANTIC   COAST   CANAL 

A  v.\ST  enterprise  designed  to  improve 
tlic  waterways  of  the  United  States  is  a 
7)lan  known  as  the  Atlantic  Coast  canal 
which  is  contemi)lated  by  act  of  Congress 
and  which  if  carrie<l  out  will  afford  an 
inland  waterway  paralleling  the  Atlantic 
sea  coast  from  lioslon,  Mass.,  to  Key 
AVcst,  Florida.  The  Cajjc  Cod  Canal 
which  is  a  part  of  the  scheme  is  now  in 
progress  of  construction.  It  will  be  four 
miles  long  across  the  neck  of  Cape  Cod. 

An  estimate  has  recently  been  made 
for  the  section  of  a  canal  extenrling  from 
New  "b'ork  to  Philadelphia,  which  will 
cost    about    .$40,000,000. 


COLlA)ll)S   AM)   COLLOIDAL   SoLriloNS 
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If  wo  stir  suj^mp  into  ;i  cup  <»l"  \v;ilrr  \\c 
make  what  the  sciriilist  calls  a  sniiitioii. 
It  is  a  lioinoj^ciK'oiis  mixture  of  water  and 
sugar,  that  is  to  say,  the  sinallosl  j)ortioii 
of  the  li(|ui<l  that  wc  can  sec  even  under 
the  iMo>t  |)owcrful  niicrosco{)e  contains 
relati\ely  the  same  amount  of  suirar  and 
water  as  any  other  portion  of  the  s<»l(i- 
fion.  According  to  the  modern  theories 
of  the  constitution  of  mailer,  holh  water 
and  sugar  are  present  as  molecules. 
(See  SciKXCK  Consfecti  s,  page  oO.) 
These  moK*cules  are  too  small  to  he  seiMi 
l)y  the  eye  even  aided  l»y  the  microscope, 
and  the  whole  soluti(tn.  therefore,  appears 
to  Us  to  he  made  up  of  only  one  suhstance. 
Solulions  where  the  single  molecules  of 
the  dissolved  suhstance  mox'c  freely  ahout 
among  the  mole<-ules  of  the  sol\-enl  are 
called  crystalloid  solutions,  and  the  dis- 
solved suhstance  is  called  a  crystalloid. 
These  solutions  may  he  colorless  like 
white  sugar  dissohed  in  water  or  colored 
like  strong  tea,  hut  they  are  always  clear 
and  more  or  less  transparent. 

Colloidal  Sisphnsiox.  The  water 
in  our  rivers  and  streams  in  earl\'  spring 
is  almost  always  turhiil.  This  is  due  to 
the  fact  that  it  contains  large  (juantities 
of  nnid  and  other  suhstances  that  are 
<lividcd  into  very  small  particles.  These 
particles  are  held  in  suspension  hy  the 
water  hecausc  their  weight  is  so  nearly 
er|ual  to  that  of  the  same  \(»lume  of  water 
that  the  whole  mass  nmst  remain  f|uiet 
hefore  the  nmd  particles  can  settle  down 
to  the  hottom.  If  the  water  is  moving, 
the  nnid  i)articles  are  carried  along  with 
it,  an«l  the  .settling  out  lis  prevented  hy 
the  mixing  action  of  the  running  water. 

If  nniddy  water  is  allowed  to  stand,  we 
notice  that  the  largest  particles  fall  out 
in  a  few  minutes,  while  it  usually  takes 
hours  hefore  the  water  is  clear  of  all  the 
very  small  particles.     This  is  a  general 


law  that  htr  a  \"ery  finely  di\  ided  suh- 
stanc«'  sus|)ciided  in  a  li<|uid  the  larger 
the  particles,  ||ic  faster  tlu-y  will  fall  to 
the  hottom.  It  is  possihle  to  ohtain  |»art  i- 
cles  .so  small  that  they  do  not  fall  out  for 
.several  months,  and  these  particles  ha\e 
heen  given  the  name  of  "  colloids."  while 
the  whole  sohilioii  is  (•.ijlcd  a  "colloidal 
suspension." 

Some  of  ihcsc  (dlloidal  particles  con- 
tain a  few.  some  of  lliciii  m.iny  hundreds 

of    niolcclllcs    of    llie    dis-.()|\  ('(I     slllist;iiiei'. 

Kacli  p;irliilc  fdiiiis  a  single  commuiiilN' 
ill  tlic  liijiiid  ;iiid  moves  as  a  whole,  Jiisl 
as  eiexcii  individual  players  form  a  fool- 
hall  team  and  make  ;i  c(»ncerted  attack 
on  the  opponents  goal,  or  a  Ihoiisand 
soldiers  form  a  regiment  anri  charge  a 
fort. 

('()|li)idai  s||sprnsiniis  can  he  niad<'  of 
maii.\  metals,  such  as  iron,  silver,  gold  and 
plal  ilium,  hy  allowing  an  eh'ctric  current 
lo  jiim|)  across  Ihroiigh  water  hetween 
the  |)oiiils  of  two  wires  of  the  metal  in 
<|uestion.  The  particles  of  a  colloidal 
suspension  fif  jdatinum  made  hy  this 
))rocess  arc  of  \arious  sizes,  some  of  them 
large  enough  lo  he  s<'en  with  the  unaided 
eye,  while  others  are  not  nuich  larger 
tlian  water  molecides.  Some  of  the  large 
particles  fall  out  in  a  few  hours,  while  the 
extremely  small  ones  may  remain  sus- 
pende(|  in  the  water  for  .vears. 

Sl/.K  OF  ('or>Lon)\L  Pautkles.  —  Sup- 
pose one  of  these  particles  and  the  head 
of  a  pin  were  each  enlarged  in  the  same 
projjortioii  until  the  jjarficles  could  he 
seen  hy  the  human  eye,  the  head  of  the 
pin  would  then  appear  a.s  a  huge  mass  of 
metal  as  large  as  a  seven-story  building. 

Trie  Colloids.  —  If  we  attempt  to 
dissolve  a  small  jiiece  of  jell.v  in  warm 
water  we  ohtain  a  solution  that  appears 
to  be  clear.  In  reality  the  molecules  of 
the  jelly  are  not  single  and  independent 
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o(  oacli  ulIuT.  I>mI  Uavc  roniu'd  groups 
«»f  t\vt»'s,  tlirof's.  Ions.  c[{-..  liko  school 
cliiMron  at  iiitormissioii.  \Vc  liavo  iiiadr 
hero  a  tnio  roUoiilal  solution,  which  dilVcrs 
from  colloidal  suspensions  chiefly  in  tlu' 
fact  that  particles  are  soft  and  plastic, 
reseniMini:  jelly,  soap.  ruUher,  i-tc..  while 
those  of  the  suspensions  are  nnich  harder. 
like  tiny  pieces  of  metal. 


In  the  above  figure,  e  represents  a  blood 
eorpuscle  enlarged  7.000  times,  and  f.  g  and 
h  the  comparative  size  of  the  particles  in  a 
colloidal  suspension  of  gold.  Now  consider 
that  f.  g  and  h  are  enlarged  to  I,  m  anrl  n, 
then  i,  j  and  k  will  represent  the  eomijara- 
tive  size  of  mrdecules  of  alcohol,  cliioroforin 
and  starch,  resp.ftively 

Blood  a  Colloidal  Soh:tion.  — Most 
people  inia^ne  that  the  blood  is  a  solu- 
tion like  red  ink  where  every  i)ortion  (jf 
the  liquid,  however  small,  is  the  same 
color.  In  point  of  fact,  however,  the  reel 
color-is  due  to  the  presence  f)f  inrniiner- 
able  small  red  particles  called  corpuscles, 
floating  about  in  a  waterlike  liquid. 
These  are  larj^e  enough  tf)  be  seen  by  a 
powerful  microscope.  Jn  arhlition  to  the 
red  particles  there  is  also  a  consirlerable 
numV>er  of  white  corpuscles  present  in 
the  blood. 

Milk.  —  Milk  also  is  a  most  interest- 
ing colloidal  solution  containing  yellow 


aiiil  white  particles.  If  milk  is  allowed 
to  stand.  Ilu>  \ellow  particles  unite  and 
float  on  f(»p.  and  we  call  IIkmu  cream. 
^^'luMl  the, milk  sours  the  while  parlicUvs 
unite  an<l  w(>  g(>t  thick  milk.  Cream, 
liowcxcr.  contains  holli  white  and  y(>lIow 
|)articles.  because  when  il  is  churned  we 
<xv[  the  yellow  particles  in  I  he  form  of 
butter,  while  the  white  ones  remain  in 
the  buttermilk.  If  now  the  buttermilk 
is  allowed  to  stand,  we  find  thai  the  white 
particles  have  united  and  fallcMi  to  the 
bottom,  while  the  clear  amber-colored 
liipiid  is  left  on  lop. 

Colloidal  Particles  (Jhow,  —  The 
colloidal  i)articles  of  a  gold  solution  may 
be  caused  to  unite  together  and  grow 
larger  by  violent  stirring,  just  as  churn- 
ing will  gather  the  yellow  ])artieles  of 
cream  to  form  solid  butter.  This  uniting 
of  the  colloids  to  form  larger  ])articles 
is  called  "  coagulation,"  and  is  i)roduced 
most  easily  by  violently  stirring  a  hot 
solution.  Some  of  our  readers  will  re- 
member in  l)oyhood  days  when  obligetl 
lo  churn  how  delighted  they  were  when 
the  er(>am  became  too  warm,  because  the 
butter  came  faster;  in  other  words,  the 
heat  had  done  a  part  of    the  churning. 

The  reason  that  the  flow  of  blood  from 
a  wound  can  be  stopped  is  because  the 
red  particles  under  the  action  of  the  air 
unite  or  coagulate  and  stop  up  the 
wound  and  thus  prevent  a  further  loss  of 
blood.  This  is  spoken  of  as  the  "  clot- 
ting '*  of  blood. 

Slore  interesting  properties  of  these 
colloidal  solutions  will  be  dealt  with  in  a 
later  number  of  Science  Coxsi'f:cTi  s. 


K.VDIUM  BANKS 

The  [>rice  of  radium  has  been  staled  by 
Sir  William  Ramsay  to  be  $^2,100,000  an 
ounce,  about  ••^400,000  less  than  the  value 
givf-n  by  him  a  year  ago.  At  that  time 
there  was  said  to  he  only  a  cjuarter  of  a 
pound  of  radium  in  the  world.  In  Paris 
and  I/fjndon,  radium  banks  have  been 
esta})lished  for  the  purpo.se  of  renting 
radium. 
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W'iriiiN  llic  pasl  few  vcmin,  in  riNpoiiNC 
l(»  ;i  lifiii.-iinl  for  a  >iiii|)l«-.  (lin-ct  ami 
i'coiiKiiiical  mclliod  (»!"  rciiinviiiir  tin-  liac- 
K-ria  fnnii  |tiilal»lf  walciN,  the  itraclicai 
sK-rilizal  itui  of  water  lias  rcrcisrd  much 
al  It'll!  itni.  Many    clicinical    iiiftli»)<l>. 

I>as(>i|  on  tlu*  atlditioii  of  (■liloriiic,  o/.oiic, 
or  otlirr  siihstaiici's  have  Itt'cn  dcxiscd, 
l)iil  iKtiu*  of  tlirsc  is  cMitircly  l"r»'«'  Inmi  lin- 
ol)jt'clioii  that  there  is  a  slnnii:  |)n|»iilai- 
prejiidie*'  a;;aiiist  llie  addition  ol  aii> 
cheniieal  to  drinkiiiLT  water.  I{e(eiili\ 
the  attempt  has  Ix-eii  made  lo  Ntcriii/.e 
water  simply  hy  expo^nre  to  iiItra\iolel 
rays;  tlii«<  process  eiitirel\  a\(»ids  the 
ohjeetioli  noted  al)o\'e.  ami  .1-  il  --ecm-. 
well  adapted  to  making  a  >Ii<iiil:  appeal 
to  the  po|)iilar  imagination.  iK  de\clo|)- 
iiienl  will  he  a  mat ter  of  <,M»'at  interest. 

'I'iie  ulfravioh't  rays  are  invisihle  radi- 
ations of  the  same  natiin-  as  the  \isil»le 
liu'ht  rays,  hut  of  >hort<'r  wa\'e  leii;:tli. 
In  measuring  these  short  wa\"e  lenj;th>. 
the  micron,  one  one-thoiisandth  of  a  niil- 
limt'ttT.  is  a  convenient  unit,  and  the 
ultraviolet  waves  measure  from  ahoiil 
four-tenths  of  a  micron  down.  Maeleria 
suhjected  to  their  action  an-  deslroy<'d 
with  the  ureatest  rapidity,  and  all  lixinj,' 
c«'IIs  are  strongly  affect  <'d  hy  them. 
Tlu'se  hiolo^ical  effects  have  hecn  known 
for  many  years,  and  ha\e  liccii  applied 
therapeuticall.N'  in  the  treatment  of  lii|)ii>, 
ulcers,  and  other  skin  lesions,  hut  it  is 
not  until  witiiin  a  few  years  that  their 
applical)ility  to  the  sterilization  of  walir 
has  ln'cn  recoixnized. 

I  Itraviolet  rays  may  he  ol»taine<l  from 
various  sources.  Suidif^ht  contains  some 
of  them,  lint  the  atmosphere  al>sorhs 
nearly  all  before  they  reach  the  earth's 
.<?urface.  Other  sources  of  the  ultraviolet 
light  are  the  electric  arc,  especially  when 
enriched     with     zinc,     aluminum,     niatr- 


IIC'^llllll.  <'l<-..  llie  clrrlric  disch.irgc 
lliinii^h  larelied  ;^.i>eN,  ;in  m  (  rooke'.s 
ami  (ifis^lcr  lulie^,  .ind  ihc  meicnrv 
\  a|i<(|-  arc. 

(da-s  i>  prailic;dly  op.Kpie  lo  the  short, 
iillia\  iiilcl  ua\c^.  while  (piariz  trans- 
mits Iheni  (piile  readily.  It  is.  Ihcic- 
fore.  necessary  thai  all  aj)paralus  to  l»c 
pcncl  i;itci|  l)\  Ihe  ultra\iolef  ra\s  lie 
made  of  thin,  I  iaiisp;ircnt  (piarlz.  Water, 
Ion.  is  opaipie  unless  entirely  free  from 
inlor  ,ind  suspended  matter,  and  filtra- 
imii  Is  a  iiccess;iry  preliminary  to  slerili- 
zalioii  wliciie\-er  liiis  condition  does  imt 
exist. 

During  I  Ik-  last  three  years,  a  large 
niimher  of  French  in\ est  igators  have  heen 
al  w<trk  on  llie  practical  a|)plicalion  of 
this  method  of  sjerilizat  ion.  and  their 
results  ha\"e  lieeii  |iul>iis|ied  in  .1  consider- 
al>le  iiiimher  of  coinniiiiiieations  in  the 
Coin jiics  Hnuhis  dr  r.lcdthinir  dc.s  Sri- 
riicrs,  and  in  other  |>eriodicals.  A  great 
mali\'  l\|)es  of  a|»|)aratiis  lia\c  Ik-cu 
de\  ised,  an<l  l<tiir  of  llieni  are  selected  for 
hrief  descript  ion  lielou  . 

(  Oiirmoiil  ami  Nogier  cm|)lo\"ed  a 
KromaN'cr  (piartz  mercury  arc  lamp,  'M) 
cm.  h»ng.  suspended  at  the  center  of  a  cir- 
cular metal  tank.  They  found  that  water 
infe<'ted  with  colon  or  typhoid  haeilli 
could  he  sterilized  conipletel\"  1)\"  thisde- 
\  ice  in  one  to  two  minutes,  one  minute  he- 
ing  almost  always  sufficient .  'i'lie  Vf)lunie 
of  their  tank  was  ahoiif  H.">  litres  ;ind  the 
cnrreiil  iiscd  !)  amperes  at  ]'.>.'>  \'olts. 
Assuming  the  sterilization  complef<-  in 
one  minute,  the  current  consumption 
of  this  device  was  ahout  J)()0  kilowatt 
hours  per  million  gallons.  This,  of 
course,  is  enormously  expensive,  for,  at 
ten  cents  per  kilowatt  hour  (a  common 
rate  for  lighting  current)  the  current  co.st 
would  lie  s!)))  j)er  million  gallons. 
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liillon-nauixrrro  lias  iloviso<l  a  small 
tUtmostir  storili/.or.  consist iiii:  oi  a  t|uart/. 
tul>o  fontaiiiinji  rarefied  liyilrom'u  or 
sulphur  tlioxide.  placed  at  the  center  ot  a 
laruer  iilass  tul>e.  Tlie  water  circulates 
throuirh  the  annular  space  lietween  these 
tulies,  and  ultra\"iolet  liizht  is  produced 
l\v  the  j)a>sa,i:e  thronirh  the  rarefied  ^as 
ttf  the  s|)ark  from  the  secondary  coil,  of  a 
small  Huhmktirtf  coil.  AVith  this  ai)i)a- 
ratus.  opcratinj:  on  -^  amperes  at  ()  volts. 
he  has  sterilized  com])letely  .')  litres  ])er 
minute.  At  this  rate  the  current  con- 
sumption is  about  1.50  kilowatt  hours  per 
millit»n  uallons.  and  the  current  cost,  com- 
jnited  a>  aliove.  81.)  jier  million  gallons. 

Henri,  Ilelhronner  and  de  Uecklina- 
hauser  pointed  out  that  C'ourmont  and 
Xoirier  made  a  mistake  in  immersing 
their  lamp  in  water,  as  the  mercury  arc 
lamj)  depends  for  its  efficiency  on  the 
high  temperature  of  the  tube  and  con- 
tained gases.  They,  therefore,  tried  first 
suspending  the  lamp  above  the  water 
.•surface  by  means  of  floats.  Later  they 
improved  their  apparatus  by  ])assing  the 
water  through  a  semi-circular  tank.  j)ro- 
vided  with  radial  l)affles.  so  that  the 
water  is  brought  three  times  in  contact 
with  the  walls  of  the  quartz  box  at  the 
center  containing  the  lamp.  In  an 
experimental  run  at  Marseilles,  using 
a  Westinghouse-Cooper-IIewitt  quartz 
mercury  arc  lamp  operating  on  .3  amj)eres 
at  -2-20  volts,  this  apparatus  worked  suc- 
cessfully day  anfl  night  for  about  six 
weeks,  treating  600  cubic  meters  per 
twenty-four  hours.  During  this  test  the 
raw  water  variefj  from  .'JO  to  .'300  bacteria 
per  cubic  centimeter,  with  50  to  1,000 
colon  Ijacilli  per  litre,  indicating  distinct 
pollution.  The  treated  water  averaged  one 
bacterium  per  cubic  centimeter,  and  no 
colon  bacillus  was  ever  found  in  f)nc  litre. 
Thus  "a  potable  water  of  the  highest  char- 
acter was  obtained  at  a  current  consumj)- 
tion  of  alwjut  100  kilowatt  hours  per 
million  gallons,  or  at  a  cost  of  $10  per 
million  gallons  on  a  ten  cent  ba.sis. 

Urbain,  Seal  and  t'eige  have  devi.sed 
an  interesting  and  novel  apparatus  of 
still  another  type.  Water  is  pumped  tan- 
gentially  through  the  side  wall  of  a 
cylindrical    tank    with    small    concentric 


ojuMiings  in  the  bases.  Th(>  water  cir- 
culates spirally  toward  the  c(Miter,  pass- 
ing out  through  the  bottom  opening,  and 
forming  at  the  center  a  cavity  with  walls 
nearly  vertical.  In  this  space  they  ])lace 
their  source  of  light,  an  electric  arc.  the 
l)ositive  electrode  of  which  is  an  aluminum 
rod  with  an  iron  core.  Thus  fh<>  lani])  is 
jilaccd  in  the  center  of  the  li(|iiid,  with- 
out being  wet  by  it.  With  this  ingen- 
ious device,  the  inventors  re])orl  that 
they  ha^■e  comi)letely  sterilized  jiolluted 
water  with  a  current  consum])tion  of 
aliout  76  kilowatt  hours  ])er  million  gal- 
lons, at  a  current  cost  of  $7.(50  ))er  mil- 
lion gallons. 

Even  the  lowest  of  these  current  costs 
is  too  high  to  i)ay  for  sterilization,  accord- 
ing to  American  ideas,  but  the  results 
show  that  it  is  possible  to  sterilize  large 
C|uantities  of  water  with  ultraviolet  rays^ 
and  there  is  every  rea.son  to  hope  that 
with  further  study  great  economies  in 
the  production  and  application  of  the 
rays  may  be  accom])lishcd.  so  that  this 
ideal  method  of  sterilization  may  yet 
take  a  j)lace  among  the  j)ra<tical  meth- 
ods of  Avater  purification  apjjlicablc  to 
American  conditions. 

TURBINES      COMPARED       WITH 
RE(  ITROCATINCi  ENCilXES 

Ix  a  recent  paper  read  before  the 
Society  of  Naval  Architects  and  ISIarine 
Engineers,  Clinton  H.  Crane  presented 
a  valuable  comparison  of  steam  and 
coal  consumption  with  turbines  and 
recii)rocating  engines.  A  triple  screw» 
l,.'}00-ton  steam  yacht  had  been  fitted 
with  steam  turbines  which,  on  trial, 
failed  to  fill  the  guarantee  of  the  makers 
as  to  economy,  and  it  was  decided 
to  substitute  a  tripIc-exi)ansion  engine 
for  the  middle-screw  turl)ine,  the  engine 
to  exhaust  info  the  remaining  tur- 
bines. With  the  three  turbines,  thirty- 
four  tons  of  coal  were  required  to 
produce  thirteen  knots  over  the 
trial  course.  With  the  triple-expansion 
engine  alone  this  consumption  was 
reduced  to  25  tons  and  to  22.7  tons 
with  the  combination  of  engine  and 
two  exhaust  turbines. 
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K\  Ki<^  <)M:  uIio  lia--  lircii  unloil  uii.ilc 
(MKUii^li  to  lia\(' |)«T>im;il  «'\|M'riciicf  willi 
scarlrf  fr\(M*  <»r  (liplitlu'ria  is  familiar 
with  tilt'  (li^iiifrclioii  nr  f'liniij^'aliiMi  pro- 
cess that  is  carried  out  at  llu>  tiMiiiiiiatioii 
of  euch  of  tli«'se  diseases.  It  is  iiitt-restiii^' 
to  note  that  in  some  places  this  terminal 
(li>iufe(lioii  has  hccii  aliaiidoiied  and 
apparently  withonl  any  had  effect,  there 
Itcin}^'  no  nmisnal  miml>«>r  of  secondarx' 
cases  rccorilcd.  Mnch  has  hecn  made  of 
fumifralion  in  the  pa>t  and  it  is  slijl 
generally  l»ciic\ed  that  if  I  lie  Hoard  of 
Health  creates  a  stron;,^  odor  hy  the 
lil)eration  of  either  formaldehyde  or  sul- 
phnr  dioxide  j,Mses  in  a  presnmalijy  in- 
fect e«|  room  or  dwelling;  that  all  danj^er 
of  further  cases  is  a\'erted. 

IIm*  science  of  hacteriolo^fy,  while  excn 
yet  an  infant  science,  has  hecn  de\-eloped 
a  ^'reat  deal  in  the  j)ast  few  years  anri 
a  mass  of  evidence  has  l)een  l)ron<iht 
forth  that  disproves  larfrely  the  lonj,' 
cherished  i«lea  that  inanimate  things  are 
to  1)0  classed  amon<^  the  most  important 
bearers  of  disease  p-rms.  It  is  certainly 
true  that  the  drinkinir  enp  freshly  infecled 
with  the  uenns  of  tnhercnIo.Nis,  th«>  loll.\- 
pop  transferred  directly  from  the  month 
of  one  child  to  that  of  another,  arc  ex- 
am|)le.s  where  inanimate  objects  are  of 
real  importance  in  spreading  disease,  but 
the  evidence  of  infection  from  rooms  that 
have  sheltered  infections  diseases  or  even 
from  things  I  hat  have  been  in  close 
contact  with  the  patient,  is  slitrht  and  of 
small  importance.  The  disease-])rodnrin^ 
organisms,  with  a  very  few  exceptions, 
die  rapidly  when  exposed  to  the  unfavor- 
able environment  of  the  sick  room. 

The  really  important  factors  in  tlie 
spread  of  .scarlet  fever  and  diphtheria, 
excludinfj,  of  course,  the  actual  infection 


of  milk  thai  ^oinetinics  occurs  and  pro- 
duces oul  breaks  of  \ar\ing  si/.e  and  in- 
tensity, are  fli  dire<'t  contact  with  tin- 
|)ali<'iil  or  sdiiiel  liiiig  mix  rcj-ently  in- 
fected b_\  the  |)atient,  J'  unrecoj:ni/.ed 
mild  cases  which  are  not  put  under  any 
restraint  and  '.'{)  carrier  cases.  Carrier 
cases  arc  those  in  wliidi  individuals  ma\- 
be  spreading  the  germs  (»f  a  specific  dis- 
ease when  they  thenischcs  do  not  show 
an\'  indications  of  llie  disci-c.  Some- 
times such  carriers  iii.i\  li.ixc  had  the 
disease*  in  i|ii(s|i(iii  .ind  .nc  complelcl_\' 
comalcscent,  bul  not  infre<(uentl\-  they 
may  ne\"er  ha\('  hail  any  symptoms  at 
all.  These  carriers  are,  of  course,  nuich 
more  dangerous  to  the  comnnmil\'  than 
if  they  were  actually  sick  in  bed  imder 
pro|)er  isolation  and  (|Uarantin<-. 

(  arriers  have  long  since  Ix'cn  known 
in  the  case  of  diphtheria,  an<l  it  is  ex- 
tremely probable  that  when  the  organism 
that  causes  .scarlet  fe\-er  has  been  dis- 
covered, that  it  will  also  be  pro\"ed  by 
bacteriologists  to  be  included  in  the 
carrier  group. 

As  a  result  of  a  \cry  careful  and  scien- 
tific study  into  this  matter.  Dr.  Charles 
\'.  Chapin,  the  sup(>rintendent  of  health 
of  Providence,  K.  I.,  has  abandoned  as 
a  regular  pnK-edure  disinfection  after 
these  two  disea.ses.  After  a  trial  of  sev- 
eral years  he  is  convinced  that  disinfec- 
tion is  mmecessary.  lie  j)oints  out  that 
terminal  disinfectif>n  does  not  accomplish 
an.\thing,  but  really  tends  to  withdraw 
attention  from  the  imj)ortance  of  contact 
infection  and  the  necessity  for  personal 
cleanliness. 

Dr.  Chapin  further  believes  that  the 
money  spent  for  disinfection  fXew  York 
spent  .'<.j."),.5nr>.41  in  1908  and  Boston 
.'S'20,1-2.S.40   in    the  same  year)   could   be 
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used  to  irrratiM"  ;i(l\;inl;iixr  in  pnyiiii:  tln" 
salarit'^  <>t"  i:i>(»(l  \isitini:;  iiiirsi>N.  who 
couKl  "aci'oinplisli  a  world  t»l'  li'ood  in 
nssistinj;  in  thr  i-aro  of  the  sick  and  iii- 
slnu'lini;  l\v  procopt  and  cxanipItMn  tlu> 
niotli«>d  of  cleanliness  in  [he  niaiiamMnent 
of  eonlaiiious  disease.  "  Newlon,  Mass., 
lias  similarly  recently  ceased  disinfecting' 
after  ea.ses  of  diphtheria,  nnless  s])ecially 
rtH]uestcd,  and  it  is  extremely  ])rohalile 
that  the  future  will  see  a  very  general 
deerea.se  in  this  common  jiractice. 

Dr.  Chajiin's  jjaper  is  to  l>e  found  in 
\]\c  JduriKil  of  tlir  Aiiierican  Public  IlcaUh 
Asiiociatiou  for  January.  1911. 

s.  M.  v.. 


ECONO>n    IN   POWER  PLANTS 

TiiK  (piestion  of  economy  in  i)ower 
plants  is  a  very  lari^e  one  and  its  details 
are  heyond  the  intended  scope  of  this 
nia.ira/.ine.  It  may,  however,  not  be  out 
of  })lace  to  point  out  some  of  the  broad 
underlyin.i:  principles.  Often  the  (piestion 
of  the  most  economical  coal  to  use  in 
the  boiler-room  Is  .settled  upon  the  basis 
of  the  number  of  heat  units  in — let  us 
say  for  convenience — a  dollar's  worth  of 
coal,  this  amount  being  determined  by 
experiment.  The  real  basis  for  economy 
is,  however,  how  much  water  can  be 
evaporated  for  one  dollar.  The  coal  that 
will  evaporate  the  most  water  for  one 
dollar  is  the  proper  one  to  use  for  real 
economy.  This  question  goes  far  back 
of  how  many  heat-units  there  are  in  a 
dollar's  wf)rth  of  coal  and  involves  such 
questions  as  handling,  depreciation,  etc. 
Eor  instance,  one  coal  which  may  have 
more  heat-units  in  a  dollar's  worth  than 
another  may  actually  be  more  expensive 
to  u.se  because  it  may  require  an  increase 
in  the  boiler-room  force  to  handle  it. 
Or  it  may  ruin  the  grates,  thus  entailing 
an   increased  charge  for  depreciation. 

Again,  a  plant  of  high  thermal  efficiency 
may  not  V)e  as  economical  to  operate  as 
one  of  lower  thermal  efficiency.  IJy  ther- 
mal efficiency  is  meant  the  percentage 
which  the  useful  energ\'  put  out  by  the 
plant  i.s  of  the  total  energy  available  in 


I  he  inalcrinl  used  as  fiu-j.  Vov  instance, 
a  sl(>ani  plant  of  jx-rhaps  eight  percent. 
I  hernial  cfliciency  may  be  more  economi- 
cal to  operate  than  a  Diesel  engine  plant 
of  twenty-five  per  cent,  etiiciency — on 
account  of  the  possibility  of  using  a 
(•lieaj)er  grade  of  help  to  operate  the 
machinery,  cheai)er  first  cost  of  jjlant, 
cheai)er  repairs  and  i)ossibly  less  depre- 
ciation. These  cpiestions  are  broad  ones 
and  cannot  be  settled  by  considering  a 
single  ))art;  the  ])roblem  must  be  con- 
sidered in  its  entiretv.  l.  e.  m. 


FLUORESCENT  REINFORCEMENT 

Readers  of  Science  Conspectus  have 
often  noticed  the  ])eculiar  green  light 
used  for  illuminating  pin-poses  in  fac- 
tories, government  buildings,  etc.  Al- 
though the  human  counlenance  looks 
ghastly  in  the  rays  of  this  liglit  which 
is  lacking  in  red  and  orange  rays,  it  is 
admirably  suited  for  ])hotograph  and 
j)hoto-eiigraving  rooms,  machine  shops, 
drawing  rooms  and  certain  other  work 
rooms.  This  is  known  as  the  Cooper 
Hewett  mercury  vapor  lamp,  and  be- 
cause it  embraces  only  the  rays  of  the 
upj)er  half  of  the  spectrum,  the  violets, 
Idues  and  greens,  many  objects  illumi- 
nated by  it  assume  colors  dilTcrent  from 
their  a})pearance  in  daylight. 

Mr.  Ilewett  has  recently  made  a  most 
important  and  interesting  discovery  to 
the  effect  that  by  using  a  fiuorescent 
reflector  the  light  of  this  lamp  is  quickly 
changed,  because  the  fluorescent  reflector 
contributes  the  rcfl  and  orange  rays  which 
were  lacking  in  the  light  itself.  With 
this  reflector,  the  light  becomes  approx- 
imate to  daylight  and  ol)jects  resume 
their  normal  colors.  This  discovery  is 
revolutionary  in  its  character  as  the  same 
f)rinciple  can  be  ai)plied  to  other  sources 
(»f  light.  A  reflector  can  be  made  which 
will  furnish  particular  rays  lacking  in 
other  sources  of  illumination.  It  is  also 
possible  by  this  method  to  produce  some 
very  beautiful  effects  in  special  color 
lighting. 
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In  this  address  I  sludl  iittt'm|)!  tn 
indicate  some  of  tlie  conclusions  llial  lia\  c 
hccn  readied  in  regard  to  the  nieclianisni 
of  heredity  in  the  ^'erin-cells  and  in  other 
kind>  of  cells.  IIere<lity  nii^dit  l>e<leiined 
in  many  ways.  For  oim"  present  |)Mr|)(»se 
we  may  define  it  rou;,'hly  as  that  process 
or  series  of  processes  whereby  |ilant>  and 
animals  come  to  resemhle  their  pr()^'en- 
itors — ^I  do  not  say  their  parents,  l)ccause 
the  offsprinj;  often  resemhle  them  less 
closely  than  they  do  their  grandparents 
or  even  more  remote  ancestors.  We  may 
think  of  the  charaeterist ies  of  the  indi- 
vidual as  <lue  to  il>.  mode  of  development 
from  the  c'^ii.  Could  we  di>eover  what 
it  is  that  <letermines  develo|)ment  from 
the  ejig,  we  should  at  th<-  saiiK'  time 
discover  what  detirinines  here<lity.  We 
thus  arrive  at  an  <'ml)ryolof;ical  view 
of  heredity;  and  tlii^  \  iew  is  of  preat 
imi>ortance  for  the  microseopical  investi- 
iration  of  the  suhjeet,  since  such  stu<ly  is 
lariTely  oc(Upie<l  in  priietice  with  t  he  cleter- 
minat  ion  of  eml>r\"oloi.'ical  development . 

There  are  two  fund;iinental  conelu>ions 
in  regard  to  heredity  ahout  which  the 
whole  study  of  the  i)rol)leni  is  now 
revolving.  One  is  familiar  to  everyone. 
I:  is  the  fact  that  every  plant  or  animal 
which  has  two  ]>arents  is  l>y  this  fact 
doubly  determined  in  its  development. 
We  may  accordingly  speak  of  the  "hered- 


ilar.N'  constitution"  of  --ucli  organisms  a.s 
being  d<tulilc  or  "(Jupicv."  its  characters 
being  soiucIkiw  (ii»ul)l.\  represented  in 
the  apparatus  of  deterniinat  i(»n.  In  j)urc 
bred  races  we  do  not  ordinaril\'  perceive 
this  fact,  since  both  parents  are  so  nearly 
alike.  It  comes  clearly  into  \iew  in  the 
case  of  crosses  betw<'en  parents  which 
dilfer  in  some  ol>\ious  way,  a  familiar 
Cxamph*  of  which  is  the  cross  between  the 
white  and  the  black  races  of  men.  The 
mulatto  otf>i)ring  is  brown  or  y<'ll(»w,  the 
color  ob\iously  being  determined  by  the 
cooperating  in(luences  of  the  two  parents. 
Again,  the  cross  between  white-flowered 
and  red-flowere<|  varieties  of  the  "four- 
o"cl<»ck"  i  M irahilis)  gives  offspring  with 
j)ink  flowers,  which  at  once  n'veal 
the  influence  (»f  b(»th  parents.  In  njan\' 
cases,  liowe\'er,  the  duple.v  constitution 
of  the  hybrid  only  ai)i)ears  ui)on  further 
experiment.  For  exam|)le,  a  gray  mouse 
or  rabbit  crossed  with  white  gives  hybrids 
that  are  not  pale  gray  or  spotted  but 
an-  apparent  1\'  |>ure  gray.  The  white 
iicrins  to  have  disappeared;  but  when 
these  gray  hybrids  are  l)red  together  .some 
of  the  offspring  are  gray  and  some  pure 
white.  Obvif)U.sly,  therefore,  the  gray 
hybridi^  are  as  truly  duplex  in  respect 
to  color  potentiality  a.s  is  the  mulatto, 
though  the  white  character  is  temporarily 
concealed  or  "dominated"  by  the  gray. 
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The  so(^"»iul  fuiulamoiital  coiu'liision 
to  which  I  liavc  rcfiMTiHl  is  that  tho  iri'nn- 
celU.  whotlior  in  fho  mah^  «>r  tht'  i'«MnaK\ 
are  not  of  iluplcx,  hut  of  siii^K^  or  "sini- 
plox"  constitution.  F»)r  oxauipK\  in  the 
four-o'cUx'k.  a  pink-floworcd  hyhritl  pro- 
«lu(vs  irorni-colls  that  are  in  rospoct  to 
color,  no  longer  hyhrid  but  pure;  that 
is.  eath  egj;  or  jKillen-irrain  hears  the 
pt>s>il)ility  of  white  or  of  red  only,  not  of 
l>(>lh.  It  is  unnecessary  to  review  here 
the  facts  upon  which  this  conclusion  is 
i>a-'^e(l;  I>ut  we  may  accept  it  as  conclu- 
sively established  l\v  numerous  and  pro- 
loniied  exj>eriments  on  the  heredity  of 
many  kinds  of  characters  in  both  plants 
and  animals.  There  are.  it  is  true,  some 
cases  (of  which  the  mulatto  is  an  example) 
which  seem  to  contradict  this  law.  but  the 
most  recent  inquiries  in  this  field  are 
makiuii  it  more  and  more  probable  that 
these  excej)tions  are  apparent  rather  than 
real. 

It  is  clear  from  the  foregoing  that  in 
the  formation  of  the  germ-cells  there 
must  be  a  resolution  of  the  duplex  hered- 
itary composition  into  the  simi)lex, — - 
that  is,  a  separation  or  disjunction  of 
corresponding  characters  derived  from 
the  two  resjx'ctive  parents;  and  this 
fact,  first  perceived  V>y  Gregor  Mendel, 
is  one  of  the  most  remarkable  thus  far 
determined  by  the  study  of  heredity.  It 
arouses  keen  curiosity  as  to  whether 
we  can  discover  in  the  germ-cells  any 
physical  mechanism  by  which  such  an 
effect  can  l>e  made  intelligible.  I  will 
say  at  once  that  there  is  reason  to  })elieve 
that  such  a  mechanism  has  actually  been 
discovered,  though  we  are  still  in  the 
dark  in  regard  to  many  of  its  features, 
and  we  cannot  say  that  it  represents 
the  only  part  of  the  physical  basis  of 
heredity.  So  much,  however,  may  be 
said,,  that  the  nuclei  of  the  germ-cells 
and  of  other  kinds  of  cells  contain  or 
give  rise  to  certain  material  bodies  known 
as  chromosomes  which  undergo  a  distribu- 
tion that  shows  a  remarkaV^le  parallel 
to  that  of  the  hereditary  characters  as 
reveale<^]  by  experiment;  and  the  evidence 
now  renders  it  impossible  to  doubt  that 
they  form  at  least  an  important  part  of 
the  machinerv'  of  determination.     I  ask 


your  attention  for  a  moment  to  a  few 
elementary  l)iological  facts  which  will 
enable  us  better  to  api)rcciali'  the  grounds 
for  this  conclusii)n. 

The  living  body  is  built  up  entirely 
out  of  cells  or  the  products  of  cells;  and 
the  cells  arise  only  by  the  division  of 
preexisting  ones.  All  of  the  cells  ol"  the 
l)ody  may  thus  be  traced  backward  to 
the  fertilized  egg  or  "zygote"  as  their 
original  ancestor;  and  the  zygote  itself 
arises  by  I  he  iniion  of  two  germ  cells  or 
"gametes,"  one  of  which  (the  sperm- 
cell)  is  derived  from  the  father  and  the 
other  (the  egg-cell)  from  the  mother. 
The  zygote,  like  all  other  cells,  consists 
of  a  mass  of  protoplasm  containing  a 
nucleus.  It  is  entirely  probable  that  both 
these  structures  are  concerned  in  deter- 
mination and  therefore  in  heredity,  but 
I  desire  to  focus  attention  upon  the 
nucleus,  from  which  the  chromosomes 
arise,  and  these  bodies  form  the  most 
available  point  of  attack  for  our  micro- 
scopical analysis  of  heredity'. 

The  chromosomes  are  miiuite  bodies — 
rod-shaped,  loop-shai)ed,  or  sj)lieroidal — 
that  appear  in  the  nucleus  at  the  time 
of  cell-division.  In  each  sj)ecies  of  plant 
or  animal  they  are  constant  in  number, 
and  during  each  cell-division  each  chro- 
mosome divides  into  exactly  similar 
halves  which  separate  and  pass  to  oppo- 
site poles  to  form  the  nuclei  of  the  two 
resulting  daughter-cells.  The  original 
group  of  chromosomes  thus  gives  rise 
to  two  precisely  similar  daughter-groups 
from  which  are  built  uj)  the  respective 
nuclei  of  the  daughter-cells.  This  process  « 
begins  at  the  first  division  of  the  zygote 
and  is  repeated  in  each  succeeding  divis- 
ion, the  chromosomes  reappearing  at 
each  division  in  the  .same  number  as 
before.  In  many  species  the  chromo- 
somes are  of  different  sizes  in  the  same 
nucleus;  and  the  size-relations  of  the 
chromosomes,  like  their  number,  are 
constant.  In  .species  where  these  rela- 
tions are  clearly  marked,  we  may  often 
.see  that  the  chromosomes  may  be  paired 
off,  two  by  two,  according  to  their  size, 
though  we  cannot  always  .see  this  clearly 
because  the  size-differences  are  often 
too  slight  to  admit  of  certain  recognition. 
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Xovortholoss.  ol>sor\:itioii  aiul  (.'xporiinont 
abuiulantly  justify  the  conclusion  that 
the  chroinosonic>  oi  the  hody-cells  arc 
always  present  in  duplicate  -in  t)lher 
wonls,  that  the  chroniosonie-iZroups  of 
the  ailult  body  are  always  dotihle  or 
duplex. 

We  here  catch  our  first  glimpse  of  the 
parallelism  hetween  the  chroniosonies 
and  the  distribution  of  the  hereditary 
characters  t<i  which  reference  has  been 
made;  and  this  becomes  still  more  obvious 
when  we  ask  what  is  the  meaninj;  of  the 
duality  of  the  chromosome-iiroups.  This 
question  was  first  answered  by  the  emi- 
nent Beljzian  cytologist,  Edouard  Van 
Beneden,  wlio  proved  that  in  the  fertili- 
zation of  the  egg  two  similar  single  or 
simplex  groups  of  chromosomes  are 
])rought  together,  of  which  one  is  derived 
from  the  nucleus  of  the  original  egg-cell 
and  the  other  from  that  of  the  sperm-cell. 
This  fact  lias  since  been  proven  to  be  of 
general  and  probably  of  universal  validity 
and  may  be  spoken  of  as  "Van  Beneden's 
law."  It  is  because  all  the  nuclei  of  the 
body  are  descended  from  the  original 
double  nucleus  of  the  fertilized  egg  that 
they  all  exhibit  the  doul>le  or  duplex 
character  that  has  been  described.  In 
resi>ect  to  the  chromosomes,  the  original 
germ-cells  are  of  single  or  simplex  con- 
stitution, precisely  as  is  the  case  with 
their  hereditary  composition  as  revealed 
by  experiment.  The  essential  facts  will 
be  rendered  clearer  by  the  accompanying 
diagram.  Had  we  no  other  proof  that 
the  chromosomes  play  some  part  in 
heredity,  this  remarkable  parallelism 
would  in  itsel;'  justify  the  working 
hyfK>thesi.s  that  .such  is  their  significance. 

It  may  .seem  an  incre<lib!e  conclusion 
that"  half  of  the  chromosomes  of  every 
cell-nucleus  in  the  \xx\y  are  of  maternal 
descent  and  half  of  paternal,  as  the 
foregoing  conclusions  plainly  imi)ly. 
That  such  is  literally  the  case  is,  however, 
practically  demonstrated  by  the  remark- 
able results  of  Moenkhaus,  and  others, 
upon  certain  hybrids.  Moenkhaus  crossed 
two  fishes,  Fundulus  and  Menidia,  which 
agree  in  respect  to  the  number  -  of 
the  chromosomes  but  differ  markedly  in 
resj>ect  to  their  size.     The  hybrids  showed 


at  every  stage  of  developmeiil  the  two 
kinds  of  chromosomes  side  by  side  in  the 
sanu>  (clls,  ;iii(l  at  legist  approximately 
ecpial  in  number.  In  these  hybrids, 
accordingly,  it  is  certain  that  the  duplex 
chromosome-groups  of  the  body  cells  con- 
sist of  two  simplex  groups,  one  of  maternal 
ancestry,  and  the  other  of  paternal. 
It  is  now  hardly  possible  to  doubt  that 
this  is  true  of  organisms  generally,  whether 
jmre  bred  or  hybrid;  ami  this  fundamen- 
tal fact  i)laces  in  our  hands  a  i)owcrful 
instrument  for  the  analysis  of  the  mech- 
anism of  hereditary  transmission.  I  now 
ask  attention  for  a  moment  to  certain 
direct  c\idence  that  the  chromosomes 
are,  in  fact,  concerned  with  determination. 

First,  it  has  long  l)een  known  that  a 
cell  tlei)rived  of  its  nucleus  is  incapable 
of   growth   or   division. 

Second,  it  has  been  ])roved  by  Bov- 
eri,  in  a  series  of  remarkably  ingen- 
ious and  accurate  experiments,  that 
disturbances  of  the  normal  chromosome- 
groups  in  the  egg  are  followed  by 
corresponding  disturbances  in  the  type 
of  development.  These  disturbances 
were  jiroduced  by  causing  the  egg 
to  be  fertilized  abnormally  by  two 
sperm-cells  instead  of  one.  The  details 
cannot  here  be  given,  but  the  result  of 
such  abnormal  fertilization  is  to  disturb 
the  normal  distril>ution  of  the  chromo- 
somes to  the  daughter-cells  at  the  first 
cleavage  of  the  egg.  Though  such  eggs 
develop  into  swimming  larva?,  they  are 
almost  invariably  defecti\e,  deformed 
or  even  monstrous.  Boveri's  analysis 
I)roves  that  this  is  not  due  to  any  disturb- 
ance in  the  j)rotoplasm  of  the  egg  but 
results  from  the  false  combinations  of 
chromo.somes  that  are  established  at  its 
first  rlivision. 

Third,  interesting  experiments  have 
recently  been  performed  on  sea-urchin 
eggs  by  Baltzer  and  by  Ilerbst,  which 
give  still  more  specific  evidence  in  relation 
to  this  question.  These  experiments 
dealt  with  what  are  known  as  "reciprocal 
crosses."  In  most  crosses  between  dif- 
ferent species  or  races,  it  is  immaterial 
which  of  the  two  be  taken  as  the  male 
or  the  female;  the  result  is  the  same  in 
both  cases.     In  some  cases,  however,  the 
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results  of  sucli  iTciprocal  (•n»>st'>  .nr 
not  idnitical,  of  wliidi  a  familiar  and 
lon<:-slaii(liiij,'  cvaiiiplf  is  '/\\v\i  \>y  the 
cross  iM'twcfii  flu-  llor•^<•  ami  flic  ass.  The 
cross  Im'Iwccii  tlic  male  ass  and  I  lie  female 
horse  pnidueivs  the  h,\ltrid  familiar  to  ns 
as  the  eonnntm  nnde.  If  the  rexersc 
cross  \h'  made,  Keluecn  tiu-  iiiaii'  liorsc 
and  the  female  ass.  the  li>l»rid  i->  known 
as  a  ■■hinny,"  which  is  still  a  nnile  l>nl 
one  that  ditTiTs  percept ihly  from  the  nude 
produced  hy  the  usual  melh»M|.  In  other 
Words  the  character  of  the  hylirid  here 
depi-nds  in  soiuc  measure  upon  wiiich 
I)arent  is  taken  a>  the  f«'male  or  the  male. 
The  explanation  of  this  particular  ca.sc 
is  still  w  holly  unknown.  The  experiments 
of  liallzcr  and  of  Ilcrltst  upon  analo^^ous 
reciprocal  crosses  in  sca-urchius  pro\'e 
a'most  l)cyond  a  douht  that  in  these 
cases  the  dilterencc  in  result  is  owin«:  to 
a  ditlcrencc  in  the  mode  of  dist  rihut  ion 
of  the  chromosomes  in  the  early  statues 
of  development.  llic  hest  of  these  cases 
is  the  rt'ciprocal  cross  hetween  two  f^enera 
of  sea-urchins  known  as  Si)lnerecliimis 
an<l  St  ron^fylocent  rot  Us.  wliicli  for  tlic 
sake  of  hrevity  I  will  dcsi^uate  simply 
as  A  and  H  respect  i\('ly.  .V  cross  hetween 
female  .\  and  male  M  is  an  ohxious  hybrid, 
AH,  which  shows  a  Klendini:  of  tlu'  char- 
acters of  the  tw(»  parents.  The  oi>|)osile 
cro.ss,  hetween  female  H  and  male  .V,  pro- 
duces a  liyhrid  which  shows  only  tlic 
charact<'rs  of  H,  that  is,  those  of  iIm- 
femah"  parent  alone.  Now.  microscop- 
ical invest  i^'at ion  re\"eals  a  remarkahle 
ditTerencc  hetween  thes**  two  crosses  in 
respect  to  the  chromosomes.  In  the  first 
cross  the  chromosomes  of  hot.h  s|)ecies  are 
uniformly  distrihuted  to  the  dau^'hfer- 
cclls;  hence,  l)oth  parents  influence  the 
result.  In  the  reverse  cro.ss  nearly  all  the 
A  cliromo.somes  (derived  from  the  sp<Tni- 
cell)  are  cast  out  and  dej;enerate  without 
entering  the  daughter-cells.  The  cells 
of  the  rcsnlfinu  larva- thus  contain  almost 
exclusively  chromosomes  of  the  H  parent 
and  hence  fail  to  show  tin'  characters  of  .V. 
It  is  a  very  remarkahh*  fact  that  the  miin- 
ber  of  A  chromosomes  thus  cast  out  is 
nearly  or  quite  constant,  namely  fifteen, 
while  only  three  undergo  the  normal 
distribution.     It  will   naturallv  be  asked 


why  the  lar\a'  dn  not  show  soine  traces 
of  the  A  character  owing  to  flic  pres^Mice 
of  llies«'  few  chroiinisomcs.  The  answer 
probably  is  that  fhcs.  parlicidar  chromo- 
somes are  concern<'d  wilh  characters  that 
are  common  to  the  two  species  and  hence 
afford  no  visible  ditferential  between  them. 

Not  less  striking  are  the  c;perinients 
of  Herbst  on  this  sani<'  cross.  By  means 
of  methods  devised  by  l*r<»f(  ssor  I.^M'b 
the  eggs  of  the  .V  species  were  first  chem- 
ically slinudaled  to  de\  elopiu«'nt  for  a 
short  time  and  then  ferlili/ed  with  sperm 
of  the  \\  species.  The  rcsidliiig  lar\a' 
showed  a  n-markabh-  mosaic-like  min- 
gling of  the  characters  of  A  and  H.  on  t In- 
whole  inclining  more  to  I  he  A  type  than 
to  iIk-  li.  ( )f  cspcci.il  iiilcrcsl  were 
larxa-  that  showed  u|>oii  one  side  of  the 
body  cliaracters  of  both  A  and  B  and  on 
the  other  side  only  .V  characters  in 
other  words,  these  larva-  w<-re  of  purely 
niat(-rnal  ap|)earanc(-  on  one  side  while 
li\  brid  (HI  the  other.  Ilerbst's  micro- 
scopical studies  indicate  that  the.se 
phenomena  find  tli(-ir  explanation  in  the 
fact  that  flu-  initial  chemical  stimulation 
of  tli<-  egg  gi\es  its  cliromosonu-s  a  c(-rtain 
start  in  d(-\'elopm(-iit  so  that  tin-  sperm- 
chroniosoni<-s,  intro(luced  later,  are  left 
in  some  d(-gr(-(-  lagging  l»<-hind  an<l  often 
tail  of  flieir  normal  distribution.  Most 
interesting  is  the  not  iiifrc(picnt  case  in 
w  hicli  t  he  A  chromosomes  divide  normally 
but  all  of  the  B  (-hrf)mosonnvs  (from  the 
sp(-rm)  i)ass  to  one  pole  and  lienc<'  enter 
but  oiu-  of  tin-  two  c(-lls  of  the  <-nibrvo. 
Of  th(-s(-  two  c<-lls.  accordingly,  one  con- 
tains only  mat<-rnal  <-liromosomcs,  the 
other  maternal  and  paternal  in  (-(|ual 
numbers.  It  is  almost  certain  that  fn»ni 
such  eggs  arise  the  obscrxcd  cjuses  of 
larvae  that  are  maternal  upon  one  side 
and  hybrid  upon  the  other. 

It  would  be  interesting, did  time  permit, 
to  consider  other  specific  evidence  of  the 
(l(-tcrminaf ive  activity  of  the  chromo- 
s<»mes  in  dev(-lopment,  but  these  must 
suffice  for  our  jnirpose.  We  must  also 
pass  over  the  interesting  fpiestion  as  to 
how  the  chromosomes  affect  development, 
an  answer  to  which  must  perhaps  be 
sought  by  the  biochemist.  In  the  time 
that   remains  I  will  ask  attention   very 
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hrioHy  to  two  sptvitic  prohlcins  ot"  liorc^lily 
tliat  apjHvir  in  an  interest ini:  lii:;ht  frt)iu 
the  staiulpoint  afYorded  l\v  the  chromo- 
soiue  theory. 

One  of  these,  which  I  will  loiieli  upon, 
is  Meuilel's  law  of  heredity,  to  which 
allusion  has  already  heen  made.  There 
is  no  portion  of  the  history  of  chronio- 
sonies  more  interesting:  or  luore  dittcult 
than  that  wjiich  relates  to  the  reduction 
of  the  du|>le\  chronu)some  <irouj)s  to 
simplex  ones  in  the  formation  of  the  tjerm- 
cells;  though  of  the  fact  of  such  reduction 
there  is  not  the  least  doubt.  What  seems 
to  happen  is  that  at  a  particular  period, 
shortly  lH'f«>re  the  formation  of  the  germ- 
cells,  the  two  chromosomes  of  each  pair 
unite  to  form  doul>le  chromosomes  known 
a,s  "l)ivalents."'  and  these  then  divide 
in  such  a  way  that  one  of  its  members 
passes  to  one  pole,  the  other  to  the 
opposite  pole.  The  ultimate  result  of 
this  is  that  out  of  every  pair  of  chromo- 
somes in  the  duplex  groups  one  member 
enters  half  the  germ-cells,  the  other  mem- 
l>er  the  other  half.  It  thus  comes  to  pass 
that  each  mature  germ-cell  receives  only 
one  nieml)er  of  each  of  the  original  pairs. 
and  hence  contains  a  simplex  instead 
of  a  duplex  group  of  cjiromosomes.  This 
runs  exactly  parallel  to  what  has  been 
determined  in  regard  to  the  disjunction 
of  hereditary  characters  in  hybrids  and 
it  is  proljable  that  when  these  phenomena 
have  been  fully  analyzed  they  will  give 
iLS  at  least  a  partial  explanation  of 
Mendel's  law. 

Secondly,  we  may  glance  briefly  at 
the  lf)ng-standing  puzzle  of  the  heredity 
of  sex,  which  has  been  shown  within  the 
past  few  years  to  be  definitely  connected 
with  the  chromosomes.  It  was  formerly 
suppt).sed  that  .sex  may  be  determined  by 
external  influences,  such  as  nutrition, 
temf>erature  and  the  like;  but  this  view 
has  now  fx-en  nearly,  if  not  quite,  over- 
turned. Experiment  has  definitely  estab- 
lished the  fact  that  sex  i>  inherited,  like 
other  characters,  and  that  the  mechanism 
of  its  transmission  is  similar  to  that  which 
we  see  in  the  operation  of  Mendel's  law.  I 
will.illu-trate  this  by  an  example.  As  til- 
ready  stated,  when  a  gray  mouse  is  crossed 
with  a  white  the  offspring  are  gray.   If  now 


these  gray  hybrids  l)c  crossed  back  with 
a  pure  white  mouse  the  offspring  arc 
gray  and  white  in  equal  numl)ers.  The 
reason  for  this  is  as  follows:  The  pure 
wliite  mouse  produces  germ-cells  of  but 
one  kind,  all  b{>aring  the  while  character. 
The  gray  hybrid,  on  the  other  hand,  j)ro- 
duccs  gcrm-ccllsof  two  kinds,  half  bearing 
gray  and  half  wliite.  In  random  iertili- 
zal.ion,  accordingly,  the  chances  of  white 
meeting  white  or  gray  are  equal  and 
hence  half  the  olTsj)riiig  should  be  pure 
white  and  half  gray  hybrids.  It  has  now 
become  clear  that  the  heredity  of  sex  is 
of  the  same  general  type  as  such  a  cross 
between  a  hybrid  and  a.  pure  form;  and 
this  explains  why  in  general  the  two 
sexes  appear  in  equal  numbers.  Experi- 
ment has  clearly  proved  that  sex  is 
determined  or  i)r()duced  by  a  factor  that 
we  may  call  "X"  in  res]>ect  to  which  one 
sex  is  pure  bred  while  the  other  is  of  the 
nature  of  a  hybrid.  It  is  remarkable  that 
in  some  cases  it  is  the  female  that  repre- 
sents the  hybrid  sex,  in  others  the  male, 
but  the  result  is  the  same  in  either  case. 
This  result,  I  rej)eat,  was  determined 
primarily  by  exj)eriments  on  the  heredity 
of  sex;  l)ut  the  point  of  interest  for  our 
present  purpose  is  that  exactly  the  same 
result  has  been  reached  through  micro- 
scopical study  of  the  germ-cells  and  in 
particular  of  the  chromosomes.  Such 
study  has  i)roved  for  a  considerable  number 
of  animals  (1)  that  in  one  sex  or  the  other 
two  kinds  of  germ-cells  are  formed  in 
equal  nujulx'rs  while  in  the  oj)j)osite  sex 
they  are  all  alike;  (2)  that  these  two 
kinds  of  germ-cells  u[)on  uniting  with 
those  of  the  other  sex  produce  respect- 
ively males  and  females;  (3)  that  the 
male-producing  and  female-producing 
germ  cells  differ  in  respect  to  a  particular 
one  of  the  chromosomes  which  can  often 
be  iflerifified  by  the  eye.  As  an  example 
of  this  1  will  cite  certain  insects  (such  as 
the  flies  or  bcetlesj  in  which  half  the  germ- 
cells  receive  a  particular  chromosome 
which  is  absent  in  the  other  half. 
CJorre^jjonding  with  this,  we  find  that 
but  one  such  chromosome  is  present  in  the 
duplex  groups  of  male  animals  while  two 
of  them  are  present  in  the  corresponding 
groups  of  the  female.     Without  entering 
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Ul)On  tlif  full  (l('liiil>  of  tlu"  analysis  it  ti\r  analysis  <il  I  liis  (•(Uiiplicalccj  siil»jc<l. 
may  !»(•  stalcil  lliat  tlirsc  facts  must  mean  M,\  <ti»jc(l  will  have  Imtu  attained  if  I 
that  t  liosr  s|K'rm-c('lls  wliicli  ((Hilain  flir  lia\f  succeriji'tj  in  itidicat  in;,'  ti»  _\  uii  in 
extra  clirnmosouH'  arc  fcmalc-prtnluciii^;.  what  manner  llic  |iriil.|<-m  of  licrcdily  is 
the  (»thcr>.  malc-producin;:.  It  tliusKc-  hcinj;  attacked  from  iIh'  side  of  micro- 
comes  j»ossil>le  in  >uch  cases  to  dist  in;,'uish  scopieal  in\  est  ii,'at  ion.  Ii^  this  field  of 
the  Nf\  of  lh«'  animal  hy  mere  iiis|M'ction  in(|uiry  onlv  .1  lic^^'innin;^'  lia>  as  y«'l  Keen 
of  the  chn»mosome-jiroups  with  the  made,  Inil  cniiii;^di  has  l>e<-n  ai  i-omplished 
microsc(»iH'  certainly  a  remarkahle  rcsuil  Io:_m\c  u<  ;;ood  ho|>c  of  cont  inuc<|  |)n>^re.s.s 
of  cytolo^ical  investigation.  Some  of  in  llie  fiilurc.  TIh-  principal  inlcre.st  of 
the  recent  studies  in  this  field  make  ii  llirx-  cy  lolo:,'ic.d  in\«'st  i^Mt  i<»ns  .s«'ems  lo 
nearls'  certain  that  a  similar  modi-  of  nic  lo  lie  in  the  fa<-l  thai  they  «'nal>lf  us 
.sex-production  occurs  in  man.  lo  form  a  dear  mental  picture  of  how  the 

I    will    iiwv,    lastly,    an    illustration    of  course   of   heredity    may    he   determined, 

the  manner  in   which   the  history  of   the  It   is  surely  a  j^'reat  adxance  in  the  stu<ly 

(•hromosoMies   helps    us    to    nnra\t'l   some  of  t  his  complicated  prohlem  if  t  he  fiinda- 

of     the    com|>licated     .sj)ccial     riddles    of  mental    operations    of    heredit\-    <-an    he 

heredity.    seleclin<:    as    an    cxam|)le    the  c(mnected  wil  h  f  he  disi  rilmt  ion  of  \  isihle 

heredity    of   color-hlindness    in    man     an  and    definite    structural    <"lements    in    the 

example    of    the    so-called    "sex    limite<l  m'rm-<-ells.     These  «'l<'menfs  are  not  \"aj,'ue 

h.Tcdit  \"."      Color-ltlindness      is      slri<lly  foririida-    or    inlani:il>le    potent  ialilics    of 

hereditary    and     in    a     \cr\-     rcmarkahlc  d<'\elopment     hut     real     thing's,      liehind 

fashion.      In   the   female   il    a|>|)ears  only  them.il  is  true,  lies  an  immense  unknown 

if    inherited    from    Kotli    parents,    hut    in  reirion   that    will   not   I»e  fully  explored  in 

the     male     if    iidierited     from     only    one  our  L'<'ncralio?i  or  in   many  yi-l    lo  come, 

parent;   tor    this    reason    it     i-,    far    more  Iml     we    arc     now     pre|)arcd     to    proceiil 

frec|uenf    in    men    lliaii    in    women.      It    is  with  its  exploration   with  confidi'ine  I  hat 

never  transmit  led  from  father  lo  son  hut  llic    myster\'    in     which     the    suhject     of 

is  transmitted   throuich   the  daughters  lo  hereclity    was   so   lon^'   enveloped    will    in 

some    of    the    grandsons,     thou<;h     these  lar;:e  nie;isnrc  he  (ji^prllcd. 
djiu^hfers  are  not  themsel\-es  color-Mind. 

A  son  of  a  color-Mind  father,  therefore.  

an«i  all  of  his  descendants,  will  he  wholly 

free  from  the  defect,  hut   he  may  exi)ecl  S'r.WDAUD    IIMi:    \',\   \\\\{\'AA\>> 
that  some  of  tlu'  sons  of  his  sisters  will 

be     color-hlind.     Surely     nothing'     could  I  M)i;i{   the  ilircction   of   ihi-  .Vcadcmy 

ap|)ear   more   capricious   and    mysterious  of  Science.    I'aris.  stan«lard   time  will   he 

than  such  a  form  of  hcrcclity.      It  hecomes  aiinounccil   hy   wireless   telej,'raphy   dail\- 

ht)W(\er.  ([uite  simple  an<l  intellii^ihlc  if  from   the  Eiffel  Tower  for  the  henefit   of 

color-hlindncss  he  in  some  way  conne<te<l  ships  at    sea.     The  summit   of  the   Kilt<'l 

withor  caused  hy  the  |>eculiar  chromosome  Tow<t  is  !>S  !•  feet  in  tin' air  and  theranf^e 

of  which  I  have  spoken  as  characterizing  of   <'ommuniiat ion    is    said    to    he    ahout 

the  female-j)roducin^'  sperm-cells.      Space  .>.nO()  miles. 

would  hardly  suffice  to  trace  this  expla-  This    new    depart  un-    will    he   of   f,'reat 

nation    in    detail.      It    is    enough    t.o    say  im|)ortance  to  niixi^ators  as  it    will  f^ive 

that   the  hist«)ry  of  this  particular  chro-  them   the  exact   chronometric  time,  thus 

mosome    followed    from    one    <;eneralion  enahlin^    them     t(»    ^^et     at     their    exact 

to  another  runs  exactly   parallel   to  that  lon;,ntude  and  latitude.     The  importance 

of  color-hlindncss.  and  the  natural  expla-  of  this  will  he  hetter  un«l<Tstood  when  we 

nation  of  this  j)arallelisin  is  ^iven  hy  the  say    that    each    chronoinetrtc   error   of   a 

assumption  that    the  latter  phenomenon  .second  of  time  c-orresponds  with  an  error 

is  caused  hy  the  former.  of  over  two  and  a  half  miles  in  the  exact 

In  the  foregoing  address  I  have  made  position   of   the   ship.     The   signals   will 

not  the  least  attempt  to  give  an  exhaus-  he  given  at  eleven  o'clock  twice  a  day. 
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It  is  in»\v  well  rrcoixiiizod  I  lint  nuiii  is 
the  most  common  carrier  of  discitsc- 
pnnluciu!;  trcrms  and  that  inanimate 
ol»ject<  which  have  heen  suspected  in  the 
pa>t  as  heinji  amoui;  the  important 
vehicles  of  ijifection  are  comparati\ cly 
harmless.  Headers  of  Sciexce  ('ox- 
SPKcTis  for  Fehruary  may  recall  a  review 
dcalinti  with  this  (juestion  in  which  it 
was  shown  that  the  disinfection  of  rooms 
and  their  contents  was  being  assailed 
in  some  quarters  and  apparently  with 
good  reason.  It  is  now  well  estahlislied 
that  people  who  have  had  certain  infec- 
tious diseases  are  capable  of  spreading  the 
disease  in  many  instances  for  a  long  time 
after  they  have  become  comi)letely  con- 
valescent. Similarly  it  has  also  been 
proved  within  recent  years  that  some 
individuals  who  have  never  suffered 
from  the  .symptons  of  certain  infectious 
diseases  may  yet  be  acting  as  hosts  for 
the  germs  and  disseminate  the  disease  to 
other  i)ersons.  These  two  classes  arc 
known    technically   as    germ    'Varr?Vr.s'.'' 

Carriers  have  been  demonstrated  in 
typhoid  fever,  cholera,  dysentery,  diph- 
theria, cerebro-spinal  meningitis,  malaria, 
sleeping  sickness,  pneumonia,  influenza 
and  various  other  diseases.  It  is,  of 
course,  impossible  to  i)rove  by  laljoratory 
methods  the  existence  of  carriers  in 
those  diseases  in  which  the  germ  has 
not  yet  been  discovered,  V)ut  never- 
theless we  can  obtain  from  other 
.sources,  information  that  proves  that 
some  of  the>e  diseases  should  also  lie 
included  in  the  carrier  class.  Scarlet 
and  yellow  fevers  might  be  mentioned 
in  this  respect.  The  evidence  that 
there  are  many  carriers  of  measles  or 
smallpox  is  slight.  The  realization  Of 
the  occurrence  of  carriers  has  led  to 
much  investigation  by  sanitary  authori- 


ties within  the  last  few  years  and  the 
conclusion  has  been  reached  that  unless 
a  scheme  for  j)revention  of  disease  takes 
due  cognizance  of  such  carrier  cases, 
it  will  be  unal)le  to  make  the  proper 
headway  in  the  fight  against  disease  and 
may  in  fact  lead  to  almost  complete 
failure. 

The  problem  of  controlling  infectious 
diseases  has  further  l)een  comj)licated 
within  recent  years  by  a  greater  realiza- 
tion of  the  fact  that  there  are  many 
"missed"  cases;  that  is,  cases  which 
})ecause  of  the  lightness  of  the  symptons 
are  never  l)rought  to  the  attention  of  a 
I)hysician  or  the  sanitary  authorities  and 
conse(|uently  are  never  j)laced  under  any 
restraint.  These  cases  although  in  them- 
selves very  mild  can  unfortunately  give 
rise  to  cases  of  great  severity. 

The  problem  of  attempting  to  control 
carriers  is  being  considered  very  largely 
at  the  present  moment  and  the  recent 
report  of  a  .special  committee  on  typhoid 
fe\-er  of  the  Massachusetts  Association 
of  JJoards  of  Health  emphasizes  the  dan- 
gers of  carriers,  and  also  the  possible 
methods  of  controlling  them. 

Robert  Koch,  the  eminent  bateriologist, 
in  1902  pointed  out  very  clearly  the 
necessity  of  rendering  tyi)hoid  fever 
patients  innocuous  }>y  efficient  disinfec- 
tion of  tiie  })ody  discharges  both  during 
the  flisease  and  convalescence,  and  also 
emj>hasized  a  careful  inc|uiry  into  and 
super\ision  of  the  ambulant  and  atypical 
cases  met  with  so  frecjuently.  As  a 
result  of  his  recommendation  bacteriolo- 
gical stations  were  established  in  those 
parts  of  Ciermany  which  were  par- 
ticularly ridden  with  typhoid  fever 
arul  in  1007  there  were  eleven  such 
stations  with  a  staff  of  thirty-five 
bacteriologists     attached    to     them.     It 
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was  larj,'cly  as  a  rosiiU  of  lliis  i)n)- 
prrssivc  sf<«p  oil  the  j)arl  of  tlic 
German  hactcriolo^xisls  fliaf  tin'  typhoid 
carrier  camf  to  l)i'  well  rreojriii/ed  and 
thoroujilily  studied.  Space  will  not  p<'r- 
mit  a  detailed  disenssion  of  llic  whole 
question  (»f  carriers  for  all  tin-  dix-asrs 
pre\ionsly  incniionrd,  sd  this  arli<lc  will 
limit  ifs«'lf  |)riniarily  Id  a  di->tn>.sion  of 
till'  l.\'|>hoid  fe\«'r  ItacilhiN  carri«'r.  riie 
statistics  on  tin-  sul»j<'ct  are  at  pn-sfnl 
rather  limited  and  are  ilrawn  from  ditfer- 
ent  places,  so  that  allowance  nmsl  he 
madi'  tnr  the  \aryinj;  circumstances  of 
ditfereni  impnlalioris,  hut  such  as  they 
arc  I  hey  show  thai  under  ordinar\' 
conditions  we  may  e\pc<'t  to  tind  from 
three  to  four  persons  per  thousand  of 
the  population  acting  as  hosts  for  the 
typhoid  fever  hacilli.  Some  ohservers 
consider  that  this  i^  a  e(»nser\  at  i\  »■ 
estimate,  while  others  would  liaxc  us 
l)elie\'e  thai  the  fi^'ures  are  loo  hi.uh; 
hut  e\cn  usiiiLC  the  lowest  csliniah-  (two 
carriers  per  thousand  i)opulalion)  as  a 
hasis.  this  will  mean  that  in  the  city  of 
Boston  in  IIM)!),  according  to  the  popula- 
tion j^jiveu  h_\-  the  Bureau  of  the  ( 'eiisns 
for  that  y«'ar.  there  were  ahout  IJ^iO 
individuals  who  miirht  serve  as  foci  of 
infection.  This  explains  the  well-recog- 
nized fact  that,  ev«'n  after  the  purifica- 
tion of  the  water  supply  and  after 
excluding'  all  pos^jljle  ease-,  of  ly|)lioid 
fever  that  may  ha\e  come  from  milk, 
oysters, other  food  stutts, or  other  sources, 
there  exists  a  not  incousiderahle  amount 
of  residual  ty|)hoid  fe\er.  It  is  of 
interest  to  note  that  in  some  ea.ses  the 
typhoi<l  germs  have  ciuitimied  to  exist 
in  the  hody  of  a  c-arrier  for  many  years. 
One  ease  is  reported  in  which  fifty-two 
years  after  an  attack  of  typhoid  fever 
the  orpmism  of  the  disease  was  isolated 
from  the  carrier.  .Vs  a  rule,  however,  the 
typhoid  or<:anisni>  disappear  within  a 
few  months  and  the  chronic  carrier  case 
is  comparatively  rare.  The  case  of 
Typhoid  Mary  will  douhtless  be  remem- 
bered by  many.  This  woman,  who  served 
as  a  cook,  within  seven  years  infected 
twenty-six  people  in  .seven  different 
families  l^efore  she  was  ultimately 
appreluMuled  l)y   the  health  department 


and     forcibly     removed     to    a     delenlion 
hospital. 

I'Ik'  sanitary  aulliorities  in  various 
|»arls  of  the  world  have  had  considerable 
dilliculty  in  (h'aliuf;  with  carrier  cases. 
There  is  not  the  necessarv  h'gislation  to 
control  the  carrier  and  also  sanitarians 
have  been  Jiinderecl  by  the  actual  lack  of 
kn<iwled<,'e  concerninj;  such  carriers.  Not 
only  may  the  ca  rier  infect  another  |)erson 
directly  by  contaci  but  he  may  infect  a 
large  nunilter  of  peo|)le  iiidire<-tlv'  throiu'h 
milk  or  from  other  food  stulls.  That  is  to 
say,  th-  carrier  looking  after  milking  or 
handling  milk  in  some  other  vv.iy  can 
readil.v  infect  this  food.  Ther<'  are  out- 
breaks of  infectious  diseuse  recorded  that 
have  been  ultimately  traced  to  such  a 
source.  Typhoid  <-arriers  are  fre<|Uently 
found  in  public  institutions  like  asylnms 
and  |)oorhouses,  where  the  opportunities 
iorccuitact  are  considerable  and  where  the 
|K'ople,  particularly  if  metitally  unsound, 
may  he  very  unhygienic  in  their  habits. 
In  the  ainiy,  also,  typhoid  fever  has  been 
a  common  <liscasc. 

The  germ  of  t.vphoid  fever  in  the 
carrier  case  is  located  usually  in  the  small 
intestine,  gall  bladder  or  in  the  urinary 
.system.  When  t  he  organisms  are  present 
in  the  gall  bladder  they  iu)t  infrequently 
give  rise  to  the  formation  of  gall  stones, 
the  organisms  of  the  disease  apparently 
acting  as  a  miclcus  for  the  deposition  of 
the  bile  salts,  and  as  a  result  gall  stoiw.s 
are  foun<l. 

The  treatment  of  carriers  to  rid  them 
of  the  invading  organisms  has  not  yet 
been  placed  on  a  satisfactory  basis,  '{'he 
treatment  ne<-essarily  differs  according 
t«»  the  part  of  till-  body  in  which  or- 
ganisms are  |)resent.  This  has  to  he 
determined  hacteriologically.  The  drug 
treatment  of  intestinal  an«l  gall  bladder 
carriers  has  been  entirely  incftective 
in  riclding  these  jK-rsons  of  Ivplioid 
bacilli,  although  a  large  miml>cr  of  drugs 
have  been  tested.  It  was  hoped  that  l)y 
feeding  milk  seeded  with  lactic  acid  ba- 
cilli a  permanent  cure  might  be  brought 
ab«)ut,  it  being  contended  that  these 
lactic  acid  organisms  would  destroy  the 
typhoid  fever  hacilli.  While  this  treat- 
ment has  at  times  apparently  cau.sed  the 
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ili>;i|)j>r;jr:uu-c  of  llu>  ()rir!\nism  frtuii  tlu> 
(iisfliarjxos  of  tlu*  iiilostinos,  yrl  coiiliiuicd 
exporiiiuMitaf  ioM  luts  shown  that  this 
tlisappoaraiUT  was  not  a  roal  ono  and  that 
the  orjxanisms  rotiirnod  hdor  in  trroat 
luimluTs.  Operations  have  hocn  jhm'- 
f«>rino(l  on  infoctod  indixiduals  and  the 
siall  MaddtT  cithiT  drained  and  dis- 
infiM't«'d  or  removed  entirely.  It  has  in 
some  instances  Keen  ettective  in  eHminat- 
iniT  the  ori:ani>ms  from  the  hody.  Snch 
treatnienf  is  rather  stremious  and  one  can 
well  imairine  wonUi  not  l)e  partienlarl\ 
popular  unless  the  carrier  \\as  afflicted 
with  the  jmins  jiroduced  by  uall 
stones.  The  X-ray  has  also  1)(h'Ii 
used  l)nt  with  negative  results  and 
vaccines  made  from  typhoid  l)acilli 
liave  likewise  ])roved  of  no  value  uj)  to 
the  present  time.  In  the  case  of  carriers 
where  the  focus  of  infection  is  in  the 
urinary  hladder.  treatment  has  been  on 
the  whole  more  .succe.ssful.  Thi.s  cla.ss  of 
carrier  forms,  however,  only  a  small 
percentage  of  the  total.  The  drug 
urotro|)ine  has  ])rove(i  of  value  in  the 
hands  (»f  .some  observers  in  eliminating 
tlie  typhoid  fever  bacilli  but  it  has  not 
been  al>solutely  successful.  It  is  hoped 
that  a  drug  called  borovertine,  which 
has  recently  been  used  with  .success  in  a 
few  instances,  may  prove  to  be  .specific 
in  eliminating  the  organism?. 

In  other  di.sea.ses  like  diphtheria, 
influenza,  juieumonia  and  probably  scar- 
let fever  the  germ  of  the  disease  is  located 
in  the  mf)Uth  or  throat,  and  it  is  easy  to 
see  hf)w  the  disease  may  be  si>read  by 
carriers  of  the  germs  of  these  ailuKMits. 

The  re>ult  of  the  discovery  of  carriers, if 
projM'rly  apfjlied,  give.s  to  the  health 
authorities  additional  means  to  control 
those  contagious  diseases  of  which  the 
organism  has  been  discovered  and  is 
readily  recognizable.  In  outbreaks  of 
diphtheria  in  schof)ls.  for  examj)le,  where 
the  source  of  infection  is  unknown  or 
obscure  it  is  jK)ssil)le  to  take  cultures 
from  children  apjjarently  perfectly  well 
and  find  out  in  this  way  which  individ- 
uals are  harboring  the  germs  of  diph- 
theria. They  should,  of  course  '  be 
treated  similarly  to  those  who  are  sick 
with  the  disea.se,  that  is  to  .say,  i.solated 


and  propiM-ly  (|uaranlined  until  they  are 
fri'(>  from  the  diplitlieria  germs.  'I'his 
sounds  relatixriy  easy  but  in  i)ractice  is 
\ cry  ditlicnll.  as  partMils  fail  to  recognize 
thai  llicir  child  may  be  a  source  of  danger 
to  others  and  tlu\v  resent  the  (juaranline 
under  such  circumstances,  'i'he  disco\ery 
of,  and  the  c(»m])arative  fre(|uency  of  car- 
riers, em])hasizes  csp(>cially  the  need  for 
piMvsonal  hygiene.  Infection  indicates  that 
the  discharges  either  from  the  intestines 
or  I  lie  inonili  of  another  indi\'idual  have 
been  able  to  reach  the  mouth  of  a  .second 
indi\i(lual.  Strict  attention  to  j)er.sonal 
hygiene  would  largely  prevent  this,  but 
until  ])ersonal  hygiene  is  understood 
from  its  bacteriological  |)oint  of  \iew'  it 
will  be  dillicult  to  curtail  the  number  of 
cases  of  infectious  disease  due  to  carriers. 


CONGRESS  OF  TECHNOLOGY 

The  mo.st  important  event  in  the  recent 
history  of  the  Massachusetts  Institute 
of  Technology  will  be  the  Congress  of 
Technology  which  will  l)e  held  April  10 
and  11  to  conunemorate  the  fiftieth 
anniversary  of  the  granting  of  the  charter 
to  the  Institute.  The  Society  of  Arts 
was  co-existent  with  the  School  of 
Industrial  Science,  and  as  a  matter  of 
fact,  the  first  j)ublic  meeting  of  the 
Mas.sachu.setts  Institute  of  Technology 
was  a  meeting  of  the  Society  of  Arts, 
which  was  held  December  17,  1862. 
An  account  of  the  i)roceedings  of  this 
meeting  was  published  in  the  Boston 
Tranacri-pt  on  March  4,  1863. 


NOVEL  USE  OF  THE  X-RAYS 

A  wouLD-iiE  immigrant  to  the  United 
States  from  (^liina  was  recently  subjected 
to  an  X-ray  test  at  Boston  to  determine 
his  age.  Photograj)hs  were  taken  of  the 
wrist  and  knee  l)(»nes  by  the  radiographic 
method  at  the  suggestion  of  the  alien's 
counsel,  who  sought  thereby  to  prove 
his  client  to  }>e  seventeen  and  not  twenty- 
five  years  of  age,  as  claimed  Ijy  the  immi- 
gration officials.  It  is  reported  that  the 
('hinaman  did  not  successfully  meet  the 
demonstration. 
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'I'lu:     statements     made     in     the     first 


nmnicatcd.   tin-    sd-calied    "specil    of    elee- 


,1                1                       •       I    I    •   II      ii..  tricil  \',     i-<  eiKdiiKiu-'. 
article  may   he  siimman/ed    Mriellx    tliiis: 

All    littdicN    arc    made    up    of    iiilimah'  VroMs    wd    I  ii  r 
particles  kii(»\vii  a>  al»im>.       Tlioi'  attiiiis 

exist   in  nearly  «»ne  hundred  separate  spe-  Al    this  s|;il'<'  it    may   lie  well   Id  point 

eies;    they   are  nit ra-microscopic    in    size  oiil    llic   Itcarin^^  of  atomic   id«'as  on    the 

and   show    a    \cr\    delinite     lendenc,\     to  physi<-al  si  rn<-lnre  of*  li\  in;^  f  hin;,'s.    Hiolo- 

form    i:ronps   known   as   molecules.       The  ^'ists    tell    us    that    all     li\in;^    thing's  are 

chanjjes    called    <-hemical    corres|)ond     to  composed    ot"   cells,  minute   ohjecl  s  which 

the  rearraniZcuHMit  of  the  atoms   to   lorm  are  \isili|e  in    the    microscojx'  and    have 

now     molecules.       Ihere     is     .1     ceaseless  ;i     \  cr.N     delinite     structure.       In     L'<"neral 

motion    of    the    atoms   of   ;dl    liodics    .-nid  Ihcir  shape  is  not    \<'r\ distant    from  that 

this   is    what    we   call     heat.       When     the  of    a    sphere    or   cultc   and     the    so-called 

violence  of  the   xihration   ^'ets   too  ^'reat  "cell    wall,"    like    the   skin    of  an   oranj^e, 

{/.  ('..  when  the  tempi-rature  ^ets  ahove  a  sim|)ly  surrounds  the  whole.       I'hese  cells, 

rortain  poijtt  ),  a  solid  suhstance  heeomes  they     sa.\  ,     are     sin;^Milarly     independent, 

liipiiil   and   if  th«'   violence   still   increases  .sometimes  e\-en  capahle  <»f  livinjz  alone, 

the  lii|uid  hecomes  <,'as.  in   which    ease  the  sin^de  cell   is  calleil  a 

In    the   st'cond    article    the    nature   and  "one-celled  animal"   'or  j)lanti. 

hahits  of    the  other  fundamental  entity.  From  a  modern  point   of  \  iew    the  cell 

namely     the     cliclmn     were      discussed.  is    thus    the    "vital    unit'"    of    all    lixiuf; 

Klectrons    are     mimite     particles,     nmch  thin<is.      It     performs    for    itself    all    the 

smaller  than  atoms.     'V\\ry  are  slron^dy  life  functions  wlii<h   the  \ast  af;>;rej;ates 

charired     with     negative    electricity     and  of  cells  which    we    know    as  animals  also 

unlike  atoms  they  ap|)ear  to  lie  all  alike.  do. 

Every  atom   has  when   unchar^'ed  a   cer-  .\ow  it  is  clear  that  if  we  are  to  consider 

tain  numlier  of  electrons  within  if.    ^Vhen  all     matter    t<»    have    atomic    sfru<-ture, 

it  has  more  than  this  numher  it   is  ne^'a-  fixing'     suhstance     as     well     as     "dead," 

tivcly  ehar^'ed  and  when  it  has  less  than  then     the     atom     niusl     lie     \cr\"     small 

this  nuinher  it  is  positively  charf^od.  indeed     compan-il     with     the     cell,     for 

.\n    electron    rrprls    another    electron.  otherwise    there  would    l>e  too  few   possi- 

or    any    negatively    char<:ed    atom,    and  hililies     of     structure     to     account      for 

(iffracfs  all  atoms,  hut   particularly  those  the  wonderfid   com|)lexity  of  cell   action, 

which    are    positively    char^'ed.      In    cer-  You   cannot     make   a    rich    mosaic   with 

tain  ways  it  is  possihle  to  cause  a  stream  only  a  few  pieces.      N<)W  as  a  matter  of 

of  electrons  to  flow   throu^di  the  heart  of  fact    the   complexity   of  cell    ac-fion   and 

a     metal.     When      th«'y    <lo      this      they  that  of  living:  fhin;:s  in  p-neral  does  not 

appear  to  constitute  the  electric  current.  in  any  way  contradict  the  ideas  of  atomic 

The   actual  speed   of  electricity  may  be  structure  lx*fore  outlined,   because  mcst 

only  a   few    inches  per  minute,  but  the  cells  are  so  large  as  to  be  not  only  clearly 

Copyriglit,  1911,  Society  of  Arts.     AH  rights  reserved. 


lOS 


Science  Conspectus 


seen  in  ;i  niiiToscopc  Uut  actually  to 
oxhihit  tlu'  detail  of  tlicir  strurturi'. 
Thus  tlio  suiallr^t  (.-oil  so  far  studied  cor- 
tainly  (•«>utaiu<  sovoral  million  atoms  at 
loa>t.  and  tlni^  the  "mosaic  possiUilitics" 
so  ti»  s|)oak,  arc  almost  unlimited. 

Frt>m  a  fundamental  point  of  \  iew  we 
must  look  upon  the  ])liysical  side  of  the 
chansii's  known  as  life  i)rocesses  as 
consisting  in  the  continual  rearrangement, 
grouping  and  regrou|)ing,  of  the  mole- 
cules themselves  or  of  the  atoms  making 
up  the  molecules.  With  so  many  atoms 
composing  the  physical  substance  of  a 
single  cell  the  ])ossihilities  of  change  are 
va>^t. 

Although  living  things,  as  we  know 
them,  in  no  case  seem  to  contradict 
atomic  concejits,  yet  it  is  well  to  notice 
that  living  things  rnauy  thousand  times 
smaller  than  the  smallest  we  know 
would  contradict  them,  for  such  imagin- 
ary living  things  could  contain  too  few 
molecules  to  undergo  the  complex 
changes  which  are  inseparable  from  life.* 

Molecules  and  Chemical  Action 

As  has  been  said  l)cfore.  it  seems  more 
than  probable  that  the  forces  involved 
in  chemical  aflBnity  are  electrical  in 
character.  That  is,  the  atoms  which 
form  the  groups  known  as  molec-ules 
are  held  together  by  electric  attraction. 
Thus  a  molecule  of  hydrochloric  acid  is 
composed  of  one  atom  of  hydrogen  and 
one  atom  of  chlorine,  and  the  two  cling 
together  probably  because  the  chlorine 
atom  has  a  negative  charge  while  the 
hydrogen  atom  has  a  positive  one  and 
"unlikecharges  always  attract  each  other." 

When  hydrogen  gas  anfl  chlorine  gas 
are  put  together  in  a  vessel,  heat  or  even 

*  Note. — In  apparent  contradiction  to  the  mod- 
«Tn  conc-eption  of  matter  arc  the  ideas  of  ttie  .s(>- 
calUfl  'hi^  jK)tenti.st.s"  in  medicine.  .\.s  is  well 
known  they  tjelieve  in  the  tx-nefieial  effects  of  rcr;/ 
dilute  solutions  of  the  .sutrstancc  they  are  u.sing,  .so 
extremely  dilute  in  fact  that  it  takes  but  a  simple 
calculation  to  show  that  in  .some  ca.ses  they  can 
have  but  one  molecule  to  a  thousand  gallons  of 
their  solution;  so  that  a  half  pint  of  such  a  .s<^>lu- 
tion  has  only  one  chance  in  thirty  of  containing 
that  single  molecule.  The  idf^a  does  nf>t  app^-rir, 
therefore,  to  be  in  harmony  with  the  prevailing 
conceptions  of  the  structure  of  matter  which  are 
here  set  forth. 


light  will  cause  tlicm  to  ((Mubine  suddenly 
and  form  li\ droi-hloric  acid.  That  is, 
each  atom  of  one  kind  becomes  attached 
to  one  of  the  other  kind,  forming  a 
molecule  of  the  new  "compound."  hydro- 
chloric acid. 

We  shall  ])robal)l\-  not  l)c  far  wrong 
if  we  ])icture  the  mc(-hanism  of  the 
process  of  imion  somewhat  as  follows: 
The  light  or  heat  detaches  from  some 
of  the  atoms  a  few  electrons  and  these 
bound  about  at  random  l)etween  the 
molccidcs  of  the  two  separate  gases. 
A  very  imj)ortant  fact  then  makes  itself 
felt.  As  was  said  in  the  last  article  the 
different  kinds  of  atoms  have  very  dif- 
ferent attractions  for  electrons,  and, 
in  the  present  case,  the  attraction  of 
the  chlorine  atoms  is  vastly  the  greater 
than  the  hydrogen.  Thus  it  will  happen 
before  long,  since  a  few  new  electrons  are 
l)eing  detached  constantly,  that  every 
chlorine  atom  has  one  electron  too  many 
while  every  hydrogen  atom  has  one  elec- 
tron toofeir.  This  means,  of  course,  that 
each  of  the  former  attains  a  negative 
charge  (.see  last  article},  and  each  of  the 
latter  a  positive  one.  The  remainder  of 
the  process  consists  merely  in  the  attrac- 
tion and  permanent  combination  in  twos 
of  these  atoms  of  unlike  charge  to  form 
the  groups  which  we  call  hydrochloric 
acid  molecules. 

It  is  to  be  noticed  that  some  kind  of 
disturbance,  in  the  above  ca.se  heat  or 
light,  is  necessary  to  keep  up  the  su])ply 
of  "free  electrons."  We  therefore  .see 
that  were  there  no  heat  or  light,  or  were 
the  intensity  of  these  below  a  certain 
limit  depending  on  the  nature  of  the 
substances,  we  could  get  no  chemical 
action.  This  inertness  would  be  a  prop- 
erty of  all  substances  in  the  dark  at  the 
so-called  "ab.solutc  zero"  of  temperature, 
which,  it  will  be  remembered,  is  273 
degrees  centigrade  below  the  freezing 
point  of  water. 

Atoms,  Electrons  and  Light 

There  are  the  best  of  reasons  for 
believing  that  light  waves  are  electric 
in  character.  There  .seems  to  be  no 
difference  at  all  between  light  waves  and 
the    electric    waves     used    in     wireless 
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tcle^rapli.N'  rxccpl  lluil  the  hillfr  ;iir 
very  imicli  "loiipT"'  and  tin-  \  ilualinii  i-> 
very  miicli  shtwer  than  in  flu'  fi>rin«'r  case. 
Li^'lil  waxes  ant|  "  \vir»'l«'s>."  waNcs  arc 
tliiis  rclatcil  in  tlir  N.inic  wav  that  a  hi^^'h 
pitched  sunnd  i>  rchit»'d  to  nne  «tf  l<t\\ 
jiiteh.  Now  "  \vir«'l«'ss"  \\a\c>.  i /.  c. 
Hertz  waves  I  are  alwaxs  |)rodnced  l»y 
causing  a  char^'e  of  electricity  to  oscillate 
to  and  fro.  Waves  are  thns  >ct  np  in 
the  "ether  of  spac<'"  in  a  manner  some- 
what similar  to  the  way  sonnd  wa\"cs  ;irc 
set  up  l>\'  a  \il)ratin^'  hell.  Since  an 
oscillatinLT  charge  is  thus  the  can>e  «tf 
these  waxes  it  seems  Imt  reasonahli'  to 
ask  what  electric  char<:<*  is  responsil)lc 
for  the  closely  similar  hut  enormously 
more  rapid  waves  of  li^^ht.  Noxv  as  a 
matter  of  fact  this  (|uesti«»n  has  Keen 
aiiswere<l  fairlx-  detinitely.  for  l»y  study- 
ing the  eltect  of  a  powerful  ma;,Miet  on 
xarious  sources  of  lij^dit  it  is  i)ossil>Ie  to 
get  information  on  the  nature  of  the 
vihrafiui,'  charges  xvithin  the  glowinj,' 
hotly  xvhich  nuist  l)e  held  responsihle 
for  the  light  xvaves  emitted.  It  has  been 
found  hy  a  distinguished  Dutch  scientist 
that  the  charge  i.s  that  of  the  electron. 
Here  again,  therefore,  we  find  ourselves 
thrown  hack  on  the  same  fundamental 
entity. 

The  electrons  are  to  he  con>idered  as 
in  more  or  less  violent  oscillation  to  and 
fro.  prohahhj  within,  though  pos.sihh/ 
without,   the  atoms  of  a  glowing  body. 

The  "radiant  heat"  from  tlie  sun  is 
also  of  this  electric  wave  type  of  vil)ration 
so  that  the  sun  is  a  light  and  heat  radia- 
tor because  of  the  vast  number  of  vibrat- 
ing electrons  which  it  contains. 

EviDENf  K    OF    ()IU)K1{LV    StKI'(  TIHF:. 

Although  much  of  the  light  and  heat 
given  out  by  bodies  seems  to  be  due  to 
the  random  viJ)ration  of  the  electrons 
within  them,  this  is  by  no  means  the 
case  in  general.  Almost  all  gases  xvhen 
caused  to  give  out  light,  emit  it  in  the 
form  of  "pure  notes"  that  is,  in  the 
form  of  waves  of  definite  frecpiency. 
The  light  xvhich  we  get  from  a  white 
hot  nail  consists  of  all  possible  frequencies 
of  vibration.  It  is  similar  to  what  we 
would  get  in  sound  if  we  took  a  long 
rod  of  wood  and  struck  all  the  kevs  of  a 


j)iano  at  once.  The  light  howcxer  xvhich 
xve  get  from  a  glowing  ;/r/.v,  such  light  as 
comes  from  the  long  glass  tubes  used 
frc(|uently  now  in  garages  and  knoxvn  a.s 
( 'oopcr  Hcxxitt  Lamp-,  is  not  of  this 
chaotic  comp(»>it  ion.  ll  can  be  shoxxii 
to  <-onsist  of  "a  few  pure  notes"  to  use 
the  .same  actnistical  analogy.  These  pure 
"notes"  or  colors  are  superimposed  upon 
each  other  and  hence  the  comliination 
is  a  close  analogy  to  what  xve  call  in 
acoustics  a   nuisical  chord. 

The  di'fiiiitc  "light  notes"  emitted  by 
one  substance  when  in  the  gaseous  form 
are  pcrfc<-tlx'  characteristic  of  that  par- 
ticular species  of  atom  and  no  other  hind 
of  atom  ijire.s  off  the  snine  note.s:  no  other 
kind  of  atom,  that  is.  emits  light  of  just 
the  same  fre<|uencies. 

.\pparently  this  can  oidx  m<'aii  that 
the  electrons  xvithin  one  kin<l  of  atom 
are  in  some  perfectly  deiinitc  arrange- 
ment, an  arrangement  which  remains 
the  same  and  which  dilters  markedly 
from  that  to  be  found  in  aloni>  of  other 
species. 

\'ery  little  is  noxv  known  as  to  the  struc- 
ture of  the  atom  but  the  (juestion  of 
its  structure  is  the  central  fundamental 
problem  in  modern  i)hysics  and  the 
discoxery  of  radium  and  similar  sub- 
stances has  ihroxvn  great  light  upon  the 
problem  already. 
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(  IIAIU.KS  L.  XoKTov,  professor  of  heat 
measun-mcnts  at  the  Institute  of  Tech- 
nology read  a  paper  recently  before 
the  National  .Vssociation  of  f'ement 
I'sers  giving  some  of  the  thermal  proper- 
ties of  concrete. 

It  is  interesting  to  note  the  great  dif- 
ference betxveen  the  tamped  and  the 
untamped  concretes  ma<le  from  stone. 
The  one  xvas  as  pf>rous  as  possible  and 
the  other  as  dense.  One  transmits  nearly 
txvice  as  nuuh  heat  as  the  other.  The 
cinder  c(Uicrete,  as  is  commonly  believed, 
is  much  better,  being  nearly  three  times 
as  efTective  as  the  denser  stone  concrete 
in  retarding  the  flow  of  heat. 
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Si  MMAHY    OF    THE     1'hEVIOLS    AkTICLE 

Very  small  particles  suspended  in  a 
liquid  form  a  colloidal  solution.  If  the 
tiny  pieces  are  metal-like  l)odies  the 
solution  is  called  a  colloidal  susjjcnsion; 
if  the  particles  are  jelly-like  the  solution 
is  called  a  true  or  enuilsion  colloid.  The 
particles  vary  in  size  from  molecular 
dimensions  to  those  large  enough  to  l)e 
seen  hy  an  ordinary  microscope.  Blood, 
milk  and  nuiddy  water  are  good  examples 
of  colloidal  solutions.  The  particles  may 
be  caused  to  unite  or  coagulate.  The 
clotting  of  the  blood,  the  rising  of  cream 
and  churning  of  butter  are  examples  of 
the  coagulation  of  colloids. 

Particles  Carry  Electric  Charges. 
— Very  small  particles  suspended  in  a 
liquid  become  charged  positively  or 
negatively,  depending  upon  the  nature 
of  the  substance  of  which  they  are  com- 
po.sed,  and  also  upon  the  character  of 
the  .solvent.  Colloidal  suspensions  of 
the  metals  such  as  gold  in  pure  water  are 
charged  negatively  anri  would,  therefore, 
go  to  the  j)Ositive  pole  if  a  current  were 
.sent  through  this  solution,  while  gelatine 
in  water  is  charged  positively  and  would 
travel  toward  the  negative  pole,  that  is, 
in  the  same  direction  a.s  the  copper  or 
silver  ion. 

In  order  to  better  understand  the  cause 
of  the  charge  of  these  particles  it  will  be 
necessary  to  digress  for  a  moment  and 
discuss  the  phenomenon  technically 
known  as  adsorption. 

Adsorption*. — A  piece  of  glass  dipp<^'d 
in  water  will  be  wet  if  the  surface  is  per- 
fectly clean  and  scientists  say  the  water 
that  sticks  has  been  adsorbed  by  the 
glass.     The    phenomenon     where    small 


amounts  of  one  substance  are  held  to 
the  surface  of  another  is  called  adsorption. 
We  can  easily  convince  ourselves  that 
this  property  of  adsorption  is  not  the 
same  for  all  substances  because  on 
greasing  the  glass  the  water  no  longer 
sticks  to  it.  In  other  words,  grease 
will  not  adsorb  water.  Sometimes  the 
adsorbed  substance  actually  penetrates 
to  the  interior  of  the  adsorbent.  This 
latter  process  is  usually  very  slow  and 
requires  several  hours  for  completion 
while  adsorption  on  the  surface  is  very 
rapid;  in  most  cases  it  is  almost  instan- 
taneous. 

Colloids  Have  the  Property  of 
Adsorbing  other  Substances. — Many 
colloids  have  this  properly  of  adsorption 
to  a  very  marked  degree.  The  tiny 
particles  not  only  adsorb  quantities  of 
gases,  liquids  and  solids  on  their  surfaces, 
but  often  large  amounts  of  one  another. 
For  instance,  gold  particles  adsorb  col- 
loidal gelatine.  This  will  be  referred  to 
later.  Small  i)articles  of  carbon  in  the 
form  of  charcoal  or  lamp  black  exhibit 
the  property  of  adsorption  very  j)romi- 
nently.  Advantage  is  taken  of  this  in  the 
clarifying  of  sugar.  The  coloring  matter 
in  the  syrup  is  there  as  colloidal  particles 
and  if  the  lirpiid  is  passed  through  char- 
coal beds  all  these  colored  i>articles  are 
adsorbed  on  the  surface  of  the  carbon 
so  that  the  syrup  comes  out  colorless. 
When  this  is  allowed  to  solidify  and 
crystallize  we  obtain  white  sugar. 

Cause  of  the  Electrh;  Charge. — 
The  electric  charge  on  colloids  is  explained 
by  this  property  that  they  have  of 
adsorbing  other  substances.  If  the  col- 
loid adsorbs  more  of  a  positively  charged 
substance   (such  as  a  charged  hydrogen 
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atom,  calli'd  llu'  In/ilrmirri  iim^  than  il 
does  of  tlu-  iu'^'ali\rly  cliar^'cd  ion  tlir 
I)arfi<lc  itself  must  lU'ct'ssarily  ln-conir 
positix fly  <liar;:t'tl  also.  (JoM  and  plali- 
iiMin  ••olloidal  |)ail  i»•l('>^  adsorl)  tin'  liydro- 
jit'ii  ioii  and  t  lifn-forc  ino\r  towards  tlif 
iu>piti\r  |)n|(-  ill  a  soliitioM  coiitainiii^ 
friT  acid,  if  an  electric  current  is  sent 
throu^'li,  while  the  ^aiiic  particles  arc 
neu'ati\<"l>'  charu'cfl  in  a  solution  coii- 
taininir  an  alkali  Kecause  the  nei;ati\c 
jiart  of  the  latter,  calle<l  the  lii/il rn.ri/l 
inn.  is  adsorl>«'d  l>y  the  inetalli<-  |)articles. 
I'uie  water  contains  some  hydrogen  and 
.some  hydroxyl  ion.  Colloidal  particles 
of  ^old  in  pure  water,  having'  a  <,M-eat<'r 
likin;;  for  hydroxyl  than  for  the  h\dro;4''n 
ion.  ailsorl»  more  of  the  former  and  thus 
Iwcome  rn'<:atively  char^xed  in  pure  water 
while  particlo  of  j^elatinc  in  water, 
ads(»rl)in<:  m(»re  of  the  hydro^«Mi  than  of 
the  hydroxyl  ion,  Kecome  po>itivel\' 
charged.  If.  howexcr,  we  ad<l  a  lar<:e 
excess  of  an  alkali  to  an  a(|UeoUN  solution 
of  jjelatine  the  latter  will  ad-nili  lar;4e 
(juaiitities  of  the  hydroxyl  ion  and  the 
particles  of  j^elatine.  therefore,  heccuue 
ne;:at ix'cly  charged. 

It  will  doiihtlcss  occur  to  many  readers 
toji.sk  what  is  t he  ditterence  then  hetween 
the  char^'e  on  the  atom  and  that  on  the 
colloidal  i)article.  The  answer  is,  that 
there  is  prohahly  no  ditference  in  kind 
hut  only  in  <|uantity.  The  \<'ry  plaiisilde 
assumption  is  made  that  all  changed 
hydro^'en  atoms  carry  the  same  amount 
of  positive  electricity  irre>pect  i\  «■  of 
their  surroundintrs  and  further  that  the 
nia.ss  of  all  hydroii<Mi  atoms  is  the  same. 
Therefore,  for  the  hydrof^en  ion  the  ratio 
of  the  charge  to  mass  is  always  the  same, 
or.  in  other  words,  is  a  constant.  Colloidal 
particles  of  the  same  siihstaijce,  on  the 
other  hand,  are  of  varying;  sizes  and, 
therefore,  have  very  difTereiit  masses. 
The  char^'es  dein-nd  upon  the  einiron- 
ment,  sometimes  l)einj,'  positive,  some- 
times negative.  The  ratio  of  char^<*  to 
ma.ss  in  the  ca.se  of  collouls  cannot  there- 
fore l>e  a  constant. 

As  has  already  l>een  said  colloids  move 
in  the  electric  current  if  the  latter  is  sent 
throutili  the  solution, — positive  colloids 
toward   the   negative   pole   and  negative 


colloids  toward  I  lie  positive  pol«-,  or,  if  I  he 
colloid  can  l»e  held  stati«»nary  the  wat«'r 
will  move  in  the  opposite  direction. 
When  the  colloid  iiio\es  in  the  current 
the  |)henomenon  is  (  ailed  nttdiilutrisis. 
When  the  colloid  is  heM  stationary  the 
water  moves  and  the  pliciiomenon  is 
called  electrical  iiidiisiiittsi.s.  \d\anlag<" 
is  taken  of  Kotli  |1m's«*  phenoiiiciia  in  tin- 
arts.  l"'or  example,  water  is  often 
remo\cd  from  peat  l»y  electrical  cikIos- 
mosis. 

Sr\iui.irv  <)i  ( Oi.i.f  JiD-s  wo  tiikih 
( '()A<;i  L ATioN.  ('uriousl\-  enough  tin- 
electrical  charge  on  colloi<is  s«'ems  to 
|)lay  a  very  vital  part  in  their  stability. 
I'arti<-les  (-harged  with  llu-  same  kind  of 
ele(-tricity  would  repel  each  oilier  in 
solution  and  would  not  tend  to  unite  or 
grow.  If  now  the  charges  on  negatixc 
gold  parlicl(-s  were  neutraliz«-d  l>\'  allow- 
ing ads(»iplion  of  a  positive  sidtst.ince  it 
would  1)1-  easier  for  these  |)arti<-les  t<i  in- 
crease- in  size  hy  the  union  of  two  or  mon- 
to  form  larger  ones.  This  is  indeed  the 
case,  for  il  has  been  found  l>y  (-x|)eriment 
that  (-olloidal  suspensions  fall  out  most 
easily  when  the\'  neither  mo\'e  toward 
the  positive  nor  the  negative  poles  in 
the  elect ri(-  (-urrent  ami  cannot,  tlM-ref<tre, 
have  a  charge  on  th(-tii.  Tli«-  iiciitraliza- 
lioii  of  tiie  charges  is  achieved  hv  adding 
a  positively  charged  sul>stanc(-  that  the 
(-olloidal   parti(-les   will   readily   adsorl). 

I'Vom  this  theorv  it  would  follow  that 
if  colloidal  parti(-les  adsorb  a  suhstance 
having  the  .same  kind  of  (-harges  as  they 
themselves  possess  tli<-  stability  of  the 
colloid  would  be  increased.  This  has 
been  found  to  be  the  case  in  very  many 
instances.  It  must  l>e  confessed,  how- 
ever, that  very  large  excesses  of  all 
ionized  substances  will  coagulate  colloids 
regardless  of  the  kind  of  (harge  on 
either  the  (-olloidal  parli(-les  or  the  sub- 
stance itself,  rp  to  the  i)resent  no 
ade(|uate  explanation  has  Ix'cn  otfere(|  for 
this  phenomenon.  Te(-hnical  use  is  very 
often  made  of  this  property;  for  example, 
.soap  i.s  thrown  out  of  the  li(|uid  in  which 
it  is  made  by  acJding  common  salt. 
This  process  is  known  technically  a.s 
"salting  out." 
Protection     of    one     Colloid     by 
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Anotiikh.  Hof(>r*>  inm  can  he  w tided 
or  till  MtldiTtnl  tlio  >urfacos  to  l)o  joiiu'd 
nuiNt  Ih»  rloan.  that  is,  frt'o  from  any 
ft»roi.mi  matrrial.  Tliis  is  also  true  of  [\\v 
unit>n  of  colloidal  particles  during  coa^ii- 
lati(»n.  Colloidal  |)articles  (»f  j:old  will 
a(Norl»  and  cover  their  own  surfaces  with 
small  amounts  of  gelatine  if  these  two 
kind'^  of  colloids  are  hrought  toixether  in 
the  >ame  solution,  and  it  is  nuich  more 
ilitiicult  to  cause  gold  to  coagulate 
under  thes*'  circumstances.  'I'he  gela- 
tine is  then  said  to  j)rotect  the  colloidal 
goKi;  that  is  the  colloidal  solution  is  more 
stable. 

CoLLOID.\L    P.XRTICLES    ARE    IX    R.\PID 

Motion. — Another  striking  property  of 
all  colloids  is  the  fact  that  the  particles 
are  in  rapid  vibration.  If  colloidal  gold 
is  viewed  under  an  ultramicroscoj)e  the 
particles  seem  to  dart  and  shoot  hither 
and  thither  like  a  lot  of  school  children 
at  play.  In  fact,  the  rate  at  which  the 
charged  particles  move  can  be  determined 
by  actual  measurement  under  the 
ultramicroscope.  There  is  now  a  law  of 
nature  which  we  know  from  our  every- 
day experience  to  be  true,  that  it  is 
much  easier  to  move  a  small  body  than  a 
large  one,  or  to  stop  the  motion  of  a 
light  IxxJy  than  to  arrest  a  heavier  one. 
We  should  expect,  therefore,  that  the 
small  colloidal  particles  would  move  much 
faster  than  the  larger  ones,  and  this  is 
found  to  be  the  case.  If  now  the  speed 
at  which  the  colloidal  particle  of  a  known 
size  moves  is  measured,  it  should  be 
possible  to  calculate  how  fast  it  would 
move  if  it  were  as  small  as  an  ordinary 
water  molecule.  This  calculation  reveals 
the  extraordinary  fact  that  the  nnjlecules 
of  matter  move  with  the  identical  sj>ced 
that"  scientists  have  ascribed  to  them. 
(See  Science  Conspectus,  page  .51.; 
This,,  then,  Ls  another  excellent  collab- 
oration of  a  fundamental  concci)tif>n  of 
matter,  namely,  that  the  molecules  and 
atoms  are  in  a  state  of  constant  vibra- 
tion. 

Colloids  Catalize. — Many  colloids 
have  the  interesting  proj>erty  in  common 
with  other  .substances  of  caasing  certain 
chemical  reactions  to  prfx;eed  at  a  much 
faster  rate  than  otherwi.se  would  l>e  the 


casi'  without  sulTering  any  permanent 
change  themselves.  For  example,  col- 
loidal gold  will  decompose  hydrogen 
peroxide  (commonly  known  as  "per- 
oxide") very  rapidly.  The  action  is 
called  ratah/.sis  and  is  made  u.se  of  in  an 
enormous  number  of  instances  in  indus- 
trial life.  The  substance  that  increases 
the  rate  of  the  reaction  is  called  a  catalizer. 
\  cry  many  of  the  reactions  in  the  human 
body,  esj)ecially  with  regard  to  the 
digestion  of  food  arc  due  to  catalytic 
action.  Wounds  arc  often  clean.sed  by 
washing  with  peroxide  of  hydrogen, 
because  the  pus,  which  is  itself  a  colloid, 
catalizes  the  (lccomi)osition  of  the  peroxide 
into  water  and  oxygen.  The  oxygen 
thus  .set  free  actually  burns  up  and 
destroys  the  germs  together  with  the 
pus,  .so  that  the  latter  has  aided 
in  its  own  destruction.  So-called  neg- 
ative catalizers  are  also  known;  that 
is,  substances  which  by  their  presence 
slow  up  the  reaction,  and  .some  scien- 
tists hope  eventually  to  be  able  to 
control  high  fevers  by  use  of  a  neg- 
ative catalizer  to  slow  up  the  reaction  by 
which  the  high  temperature  is  caused. 

Colloids  Can  be  Poisoned. — The 
catalytic  properties  of  colloids  can  be 
lessened  and  in  some  cases  completely 
destroyed  by  the  addition  of  certain 
substances  which  seem  to  act  on  the 
particles  like  poi.sons.  In  fact,  it  is  a 
striking  coincidence  that  every  known 
poison  for  the  human  system  will  par- 
tially, it  not  completely,  destroy  the 
catalytic  power  of  colloidal  particles  of 
gold  or  platinum.  Such  poisons  as 
carbon  monoxide,  hydrogen  sulphide  and 
hydrogen  or  potassium  cyanides  have  a 
very  inten.se  effect  upon  the  colloidal 
.solution  and  extremely  small  fjuantities 
of  these  poisons  will  materially  impair 
the  u.sefulness  of  the  colloidal  particles 
as  catalizers. 


OK(iAM(  PKfX  KSSKS  VWiALLFAAA) 

In  a  recent  issue  of  Science  appears 
a  review  of  "Theorie  phy.sico-chimique 
de  la  vie  et  generations  .spontanees,"  by 
Stephen   Leduc,    Profes.sor   a   I'ecole   de 
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iiif(lf<iiic  (Ir  Nantes.  I'liis  hook  takrs 
up  tilt'  World-old  proltlt'in  of  tlu-  ultimate 
naturt'  of  living'  niattcr  in  an  inti-n'slin^' 
way.  and  hrin^s  up  to  date  I  lie  work  that 
has  Ik'i'U  done  toward  «'stahli>hin),'  a 
"synt In-lic"  hi«»Io<;y.  Thf  anth<»r  starts 
with  the  proposition  that  \\«'  know  as  yi't 
notliin;:  of  life  itself.  ha\in^'  learned  only 
a  few  facts  re^Mrdin^'  the  i)henoniena 
accompanying'  its  manifestation.  These 
phenomena,  he  points  out,  have  all  anal- 
opics  in  inor;,'anic  matter,  and  it  is  to 
painstaking'  study  of  these  analo^'ies  that 
we  must  look  for  i)resent  proj,'ress  toward 
the  de\"elopment  of  synthetic  hiolojry. 
He  takes  up  the  laws  of  solutions,  m(»lec- 
ular  concentrations,  osm«)tic  |)ressures, 
cryoscopy,  periodicity,  thermodynamics, 
ditTusion,  an<l  fields  of  force,  all  considered 
as  facts  enferinj,'  into  orj^anic  phenomena. 

Some  of  Leduc's  experiments  show 
remarkalily  close  parallels  with  or;,'anic 
processes.  Jiy  dilfusion,  he  produces 
getuuetrical  forms,  circulation  of  "cyto- 
plasm." and  pseiidose^mentatiou  of 
"cells."  and  he  docrihes  osmotic  "organ- 
isms" that  hear  a  curious  resemhlance 
to  alga-  and  fungi.  They  will  grow 
"roots."  "stems,"  and  "fruits,"  he  points 
out,  the  latter  sometimes  appearing  of 
ditTerent  color.  These  growths  have 
periods  of  rest  and  acti\ity,  they  show 
cell-like  divisions  and  circulation  of  the 
fluid  contents;  th<'\-  repair  wounds,  and 
resiM)nd  to  external  stimuli.  Some  (tf 
iheni  arc  anuehoid  and  motile,  while 
others  form  sijirulo  at  the  surface  of  the 
solution. 

Leduc  makes  no  claim  that  these  "or- 
ganisms" hear  any  resemhlaiice  in  con- 
stitution or  properties  to  living  suhstance, 
but  lie  does  helieve  that  the  physical 
and  chemical  conditions  that  produce 
them  are  constantly  occurring  in  organ- 
isms and  contributing  to  their  complex 
activity,  and  it  is  from  this  angle  that  he 
thinks  this  most  fascinating  and  most 
difficult  of  all  biological  problems  must 
be  attacked.  •  m.  r.  s. 


S'iAI\l\(.    ol      wool)    l.\     l.l\  l.\(. 
IRKKS 

liiK  inti'resi  iii^  experiment  of  dyring 
the  wo(»d  in  living  trees  has  been  suc- 
cessfull.v  carried  out  by  making  a  line 
groo\-e  around  the  trunk  deep  enough  to 
ex|)(»se  the  wood  just  inside  tlie  bark.  A 
string  having  a  diameter  slight  l\-  greater 
than  the  grooxc  is  wound  aron?id  the 
trunk  completely  filling  the  gn»o\<'  and 
thus  |>role(ling  the  wood  from  the 
action  ol  tlic  air.  If  now  I  he  ends  of  the 
string  dip  into  a  solution  of  coloring 
matter,  the  latter  is  absorbed  by  the 
tree.  The  solution  is  renewed  until  tlu; 
wood  is  dyed  to  the  desired  intensify. 
()bser\ati(tns  are  made  from  time  to 
finu-  by  Ixtring  small  holes  into  the  tree. 
The  length  of  time  necessary  to  dye  the 
wood  (h-pends  upon  the  species  of  tree, 
the  temjx'ratun'  and  the  season  of  the 
\'ear.  The  best  n'sults  are  obtaineil  jusl 
before  the  leaves  fall  in  the  autumn. 
The  absctrpfion  of  the  coloring  matter  is 
selective,  that  is  to  say,  all  coloring  mat- 
ter is  not  absorbed  by  every  tree,  and  in 
general  a  decided  j)refereuce  is  shown 
for  the  ('(ilored  extracts  of  the  !)ark  of 
other  trees.  The  wood  is  not  stained 
uniformly,  and  the  mottled  efrects  are 
\-ery  beautiful.  'J'he  color  in  the  heart 
of  the  tree  is  not  perceptibly  changed. 

E.  «.  s. 


The  April  number  of   Science   Con- 
spectus will  close  Volume  I. 


SI  n->rnFArK  camiiks 

In  several  cases  railroad  tunnels  have 
revealed  the  existence  of  large  caves  of 
which  there  is  no  external  evidence. 
These  caves  or  rifts  are  very  large  in 
some  cases  and  seriously  interfere  with 
the    driving    of    tunnels.  'J'he    latest 

instance  of  this  is  in  connection  with  the 
new  railroad  line  tf)  connect  Rome  ancl 
Naples.  .\  tunnel  four  and  one  third 
miles  long  under  Mt.  Orso  struck  a  deep 
rift  •:?()(»  feet  wide,  ajiparently  descend- 
ing to  the  sea  level.  It  will  be  nec-essary 
to  go  around  this  cavity  and  work  from 
the  other  side,  'i'he  metluHl  by  which 
the  road  will  be  carried  over  the  cavity 
has  not  yet  been  decided  upon. 


ALL   ABOUT   TlIK    KIBHKH    INDl  STRV 
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srHS'iriri'Ks    for    hihhfr     svnthfsis 

OF    KIHRFH    A    (^IFSriON    OF   TIMF 
m    I  KF.l)   L.   HARDWKLL 


DiuiNG  tlio  twohe  nioiillis  (Midiiifi; 
Juno  riO.  1!)10,  there  were  imported  into 
the  United  States  101.044.681  jKUinds  of 
crude  ruhher,  vahied  at  $101,078,8'-2.5. 
Assuniinir  that  this  ruhher  was  all  used 
in  the  nianufaoture  of  ruhher  shoes,  vehi- 
cle tires,  and  the  thousaiid-and-one 
other  articles  in  which  india-ruhher  is  a 
necessary  or  desirahle  component,  and 
further,  that  on  the  a\era<ie.  ruliher  con- 
stituted 'io  per  cent,  of  the  manufactured 
articles,  some  idea  may  he  formed  of  the 
enormous  importance  of  the  ruhher  in- 
dustry to  this  coinitry.  Moreover,  when 
one  realizes  that  in  (ireat  Jiritain  and 
the  European  Continent  the  industry  is 
proportionately  <freater  than  in  this  coun- 
try, its  tremendous  importance  to  the 
civilized  world  hecomes  very  impressive. 

As  it  comes  to  the  market,  ruhher — 
or  caoutchouc  as  it  is  more  properly 
called — varies  considerahly  in  its  fpiali- 
ties.  depending  upon  the  plant  from 
which  it  is  ohtained  and  the  manner  in 
which  it  is  prepared  for  the  market. 
Like  a  much-advertised  proprietary  medi- 
cine it  has  certain  properties  "peculiar  to 
it>elf.''  the  most  important  of  which  are 
its  elasticity  and  resiliency.  Caoutchouc; 
V>elongs  to  a  class  of  hodies  called  col- 
loids: that  is,  uncrj'stalized  suhstances 
which,  to  a  greater  or  less  extent,  re- 
semhle  ghic  or  gelatine  in  their  hehavior. 
In  some  respects  it  resem})les  a  very 
thick  or  dense  liquid  rather  than  a  solid. 

Although  india-rul)l)er  has  })een  known 
for  more  than  four  hundred  years,  it  was 
little  more  than  a  curiosity  until  the  he- 
ginning  of  the  eighteenth  century,  when  it 
FK'gan  to  he  manufactured  into  useful 
articles. 

Among  the  first  imjxirtations  were 
shfyes  of  rude  shai>e  which  were  made  hy 
smearing  lasts  or  forms  of  clay  with  the 
milk-like  sap  from  which  caoutcliouc  is 
obtained.     By  drving  the  sap  and  apjjly- 


ing  layer  after  layer  until  the  desired  thick- 
ness was  attained,  a  rudely  formed  foot- 
covering  was  made  which  had  at  least 
the  merit  of  heing  waterproof.  Later 
certain  im])orters  in  this  country  sent 
wooden  lasts  of  het  ler  shaj)e  to  the  regions 
where  ru])l)er  was  collected,  and  received 
in  return  shoes  of  more  correct  form  and 
hetter  (piality  than  those  of  wholly  native 
manufacture. 

It  soon  became  apparent  to  manufac- 
turers that  caoutchouc  would  become 
more  useful  if  other  substances  could  be 
incorporated  with  it  in  order  to  enhance 
its  many  useful  i)ro})erties  and  increase 
its  durability.  After  years  of  patient  ex- 
periinetitation  under  discouraging  cir- 
cumstances, Cluirles  (loodyear  discovered 
in  IS.'}!)  that  by  heating  rubber  with  sul- 
j)hur  a  body  could  be  formed  which  pos- 
sessed the  elasticity  and  resiliency  in  a 
remarkable  degree,  while  the  peculiar 
adhesi\eness  or  "tackiness"  (a  property 
of  raw  rubber  which  is  objectionable  in 
manufactured  articles)  was  absent.  At 
about  the  same  time  Hancock  in  Eng- 
land made  practically  the  same  discov- 
ery; and  Alexander  I'arkes,  also  in  Eng- 
land, discovered  that  thin  sheets  of  caout- 
chouc were  changed  in  a  similar  way  if 
dipped  in  a  .solution  of  chloride  of  sul- 
phur. From  these  two  inventions  have 
bf'cn  developed  the  two  j)rocesses  known 
as  hot  and  cold  "vulcanization."  This 
term  vulcanization  was  first  ap[)lied  by 
(ioodyear  to  the  process  of  causing  sul- 
I)hur  to  combine  with  caoutchouc  under 
the  influence  of  lieaf.  Later  it  was  ex- 
tended to  any  process  which  resulted  in 
the  combination  of  caoutchouc  and  .sul- 
phur; and  today  would  probal)ly  be  used 
to  characterize  any  process  resulting  in  the 
toughemng  or  hardening  of  rubber,  thus 
renfh-ring  it  les.s  susceptible  to  changes  in 
temju'rature.  Colloquially  it  is  ev'cn  u.sed 
by  cobblers  and  tire  repairers  to  refer  to 
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tln'  Miciuliii)^'  of  \;iri<>iis  articles  matjr  of 
rilMicr;  aiiij.  iiidrfd,  tliere  is  ;x(mm|  reason 
for  tlii>  ill  tilt-  fact  tliat  tin-  iiirii(liii<^'  is 
ac('oiii|>lis|i(Ml  l>y  the  cliriniral  iiiiioii  of 
rulilMT  and  siilplmr. 

Ill  iiKxlfrn  factt»ri('s  tlir  arlicU'^  an- 
fornifd  from  the  inixliin'  of  riil)l«'r,  >iil- 
I)liur  and  otiicr  iiifircdifiits  dliis  mix- 
ture is  callrd  Itlic  "compound");  and 
the  \iiIcani/.ation  is  acc<impli>ln'd  liy 
j)laciii;i  the  articles  in  closed  chamltcrs 
and  sulijectin^  Ihcm  to  heat.  The  <|c- 
sired  character  of  the  article  determines 
\vhetln'r  tlu'  process  shall  l»e  carried  out 
in  a  dr>'  atmospht-re  or  in  an  af  iiiosj)here 
of  steam.  This  is  <  alleil  '■hnt  \iilcani/.a- 
tion." 

"Cold  \  ulcaiii/al  ion  "  is  used  in  some 
cases  where  heating  woiiM  l>e  ini|)racli- 
cahle.  Ill  most  cases  where  it  is  applied 
the  material  is  thin,  or  only  siirfac*-  \  ul- 
cani/atioii  is  desired.  The  process  con- 
sists in  (li|)|)iii<,'  the  articles  in  a  solution 
of  chloride  of  siilphiir  an<l  the  chemical 
clian;ie  consists,  not  only  in  the  union  of 
suli)liiir,  Itiit  also  of  chlorine  with  eaont- 
choiic. 

As  the  industry  has  dexcloped  and 
imi)roved  methods  lia\'e  heen  introduced 
throu^rh  study  and  exp<'rimeiilat  ion.  the 
I)ercentap'  of  rulther  in  maiiufaclured 
articles  has  ileereased.  This  does  not 
mean  that  the  <|iiality  of  the  products 
has  also  decreased;  in  fact,  in  the  ma- 
jority of  cases,  the  incorporation  of  other 
suhstaiices  with  caoutchouc  has  widened 
its  usefulness  and  improxccl  the  (pialilx' 
of  the  products.  .Iiist  as  the  union  of 
small  amounts  of  carhon.  nickel,  chro- 
mium or  other  elements  with  iron  has 
pnxluced  many  forms  of  steel  which  can 
be  used  where  pure  iron  would  not  he 
applicable,  or  as  .several  metals  may  he 
mixed  to  make  useful  alloys,  so  the  mix- 
ture of  wliitin^  and  the  oxides  or  sul- 
phides of  certain  nu-tals.  as  well  as  vari- 
ous organic  sul)stances  with  caoutchouc 
may  make  a  better  article  for  a  jjiven 
purpose  than  could  be  made  from  j)ure 
vulcanized  rubber.  An  automobile  tire, 
for  instance,  made  up  in  all  its  |)arts  of 
pure  rubl)er,  would  be  a  clumsy  and 
comparatively  useless  thiufi.  and  much 
more    expensive    thau    it    is   today.     Al- 


thoiiLrh  it  is  probal)Iy  safe  to  say  that  an 
or<linar.\'  tin'  of  rerent  make  rioes  not 
contain  more  than  .">(»  |)er  cent,  of  rubber, 
that  rubber  is  so  dist riliiite<i  and  so  \ari- 
oiisly  ■'c(Hii|)ouiided"  in  the  diltereiit 
parts  of  the  tire,  that  the  finished  product 
is  H;jhler  and  far  more  iisefiil  than  could 
j)ossibly  !)«•  t  h«'  case  if  il  wep'  made  of 
pure  rubber. 

.\ii  ordiiiar\'  antoiiiobile  lire  fdnsisl.s 
of  the  outer  <-asiii^'.  or  "shoe"  and  the 
inner  lube.  The  latter  is  the  part  \\hi<  h 
is  inflated  ami  is  made  of  almost  pure 
rubber.  The  "shoe"  is  built  u|)  of  layer 
after  la\»'r  of  can\as  or  <luck  which  has 
been  eoaletl  with  a  thin  la.xcr  of  pure 
rubber,  and  on  this  base  are  superposed 
Ia.\«'rs  of  rubber  "coiii|)ouiids"  of  \ar\iiig 
composition.  When  the  tin*  has  been 
made  into  the  proper  shape,  it  is  siib- 
jeetcfl  to  heat  and  thus  \  iilcaiii/ed.  The 
outer  la>er,  which  is  to  receive  the  j^reat- 
cst  wear  is  so  "compouii<le<i"  that  when 
it  is  \iiicaiii/.ed  il  will  be  \-ery  tou^'li  and 
resistant,  alllioU},'li  it  contains  less  rubU-r 
than  do  some  of  the  inner  layers.  In  the 
same  iiiaiin(>r  'although  not  so  elaUtra- 
ately)  rubber  shoes  are  made  containing 
from  .'{(I  to  .■)()  |)er  cent,  of  rubt>er  accord- 
ing to  (|ualit\.  The  n'lnainder  c(Uisists 
of  sulphur,  whiting,  litliarg<',  asphaltum, 
and  other  materials  which  are  used, 
eitliiT  with  the  professed  intention  of  im- 
proxing  IIk-  product,  or  for  frankly  stated 
purj>ose  of  adulteration.  It  is  probalde, 
howcNcr,  that  if  the  punhaser  of  a  jiair 
of  "rubbers"  were  today  given  his  choice 
between  a  pair  of  shoes  of  recent  make, 
and  a  pair  of  those  made  of  pure  rubber 
fifty  years  ago  (at  the  same  prir-e),  he 
would  choo.se  the  more  recent  product  in 
spite  of  the  general  coiii|)lairit  that  noth- 
ing is  made  as  w<'ll  now  as  it  was  in  the 
"good  old  times." 

Just  as  almost  ever\-  merilorious  arti- 
cle of  trade  is  followed  by  imitations 
which  are  "just  as  good,"  .so  during  the 
last  75  years  there  have  been  a  very  large 
number  of  substitutes  invented.  These 
may  be  divided  into  two  classes:  rubber 
substitutes  an<l  substitutes  for  rubber. 
I'nder  the  former  head  should  be  placed 
all  those  materials  in  which  the  attempt 
has   beeu   made   to   fabricate   substiinces 
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which  would,  in  ]>art  or  wholly,  roplaco 
(.•aouti'houc  in  rnl>l)cr  "i»)nipouiuls."  Al- 
most daily  ono  may  read  of  now  invent  it)ns 
of  this  sort  which  enjoy  the  hrief  not<i- 
riety  i»f  i»nc  notice  in  the  daily  press. 
Almost  c\ fry  known  material  has  been 
honored  l\v  heinsz  mentioncMl  as  a  coni- 
|>onenl  of  some  new  snhslitnle  for  rnh- 
l>cr:  a  morning's  nnfortnnate  experi- 
ence with  a  poorly  cooked  cereal  or  an 
esj)ecially  tongh  omelet  heing  sufhcient, 
in  some  cases,  to  lure  the  luckless  vic- 
tims to  visions  of  untold  wealth  achieved 
thnuiiih  the  manufacture  of  rubber  shoes 
or  vehicle  tires  from  "cornine"  or  *'al- 
bumenine"  without  the  admixture  of  a 
grain  of  rubber.  Nothing,  however,  has 
yet  l>een  made  which  possesses  the  four 
properties  of  caoutchouc:  elasticity,  re- 
>iliency,  chemical  stability  and  vidcani- 
zability  (if  one  may  be  pardoned  for 
coining  .such  a  word). 

There  are,  however,  certain  products 
of  considerable  value  as  "fillers"  or 
adulterants  which  have  properties  mak- 
ing them  serviceable  in  replacing  a  por- 
tion of  the  rubber  used  in  a  compound. 
These  are  all  made  up  of  "sulphured"  or 
"blown"  oils.  When  certain  of  the  so- 
called  "drying  oils,"  such  as  lin.seed  or 
rapeseed  oil,  are  treated  with  chloride  of 
sulphur,  or  are  heated  with  .sulphur,  they 
form  a  somewhat  elastic  wax-like  mate- 
rial which  can  be  successfully  incor- 
I)orated  into  rubl)er  "compounds,"  and, 
although  in  no  sense  equal  to  caoutchouc, 
they  serve  in  its  place. 

Substitutes  for  rubber,  on  the  other 
hand,  are  products  which  are  used,  not  as 
adulterants  or  fillers  in  compounds,  but 
as  ba.sal  materials  in  the  manufacture  of 
articles  which  might  otherwise  be  made 
from  rubh»er.  C'elluloid,  for  instance,  a 
mixture  of  nitrfxellulose  Tgun  cotton; 
anrl  camphor,  is  used  in  enormous  quan- 
tities in  the  manufacture  of  articles  which 
formerly  were  made  of  hard  rubber. 
Velvril,  an  English  product,  consisting 
of  a  mixture  of  nitrated  oils  with  nitro- 
cellulo.se,  is  a  wax-like  body  po.s.se.ssing 
little  ela.sticity  or  resiliency.  It  is  used  ex- 
tensively for  insulation  purpo.ses  and  for 
the  manufacture  of  certain  articles  in 
competition   with    rubtx;r.      Bakelite,    a 


more  recent  in\-cnlioii,  is  produced  by 
the  chemical  condcnsalion  of  ])henoI 
carbolic  (acid)  and  kindred  bodies  with 
formaldehyde.  It  can  hv  prepared  in  a 
plastic  stal(>  and  moulded  into  various 
forms  and  hardcMied.  or  it  nuvy  be  m.ide 
into  a  hard  material;  il  can  be  mixed 
with  ])igmenls  and  is  capabK>  of  taking 
a  high  i)olish  and  is  being  increasingly 
u.sed  instead  of  \ulcanite  or  hard  rub- 
ber. C'a.sein.  the  substance  which  forms 
the  curd  of  sour  milk,  is  employed  in 
many  forms  to  make  articles  formerly 
made  of  rublx-r.  1 1  somewhat  resembles 
i\()ry  in  hardness  and  texture.  The 
latest  material  to  be  brought  forward  is 
a  combination  of  vegetable  and  animal 
albumen,  which  by  j)roper  treatment 
yields  products  similar  to  those  made 
from  Bakelite.    It  is  called  protal. 

Reclaimed  Rubber  and  Shoddv 

As  a  matter  of  economy  the  utilization 
of  the  enormous  (puintities  of  waste  rub- 
ber which  exists  in  worn-out  shoes  and 
vehicle  tires,  as  well  as  in  other  refuse,  is 
a  prime  necessity.  Today  the  gather- 
ing of  scrap  rubber  is  a  business  by  itself, 
while  the  j)reparationof  this  scrap  for  use 
in  the  rubber  factories  is  only  less  exten- 
.sive  than  the  manufacturing.  The  old 
rubber  used  in  factories  may  be  divided 
into  .shoddy  and  reclaimed  or  "devulcan- 
ized."  The  writer  nmst  acknowledge 
that  the  distinction  between  the  two 
terms  is  .somewhat  shadowy,  as  they  are 
u.sed  interchangeably  in  many  cases;  but, 
in  general,  it  may  be  said  that  shoddy  is 
old  rubber  which  is  .sent  back  into  the 
works  to  become  a  part  of  new  com- 
I)ounds  with  no  other  preparation  than 
fine  grinding,  while  reclaimed  or  devul- 
canized  rub})er  is  scrap  which  has  been  so 
treated  c-hemically  or  olherwi.se  as  to 
make  it  j)laslic  and  more  like  the  original 
caoutc-houc. 

As  the  .scrap  comes  (o  the  liands  of  the 
reclaimer  it  is  full  of  all  manner  of  dirt 
and  grit;  moreover,  .scrap  from  ho.se, 
belting,  .shoes  and  tires  consists  largely 
of  cotton  (sometimes  woolenj  fiber  used 
in  the  construction  of  the  original  arti- 
cles. 

The  scrap  is  first  sorted  into  various 
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jn*«i<l<'s  ami  siilijt'clfd  ti»  \iirioiis  mo(|c«<  of 
troatmnif  for  llic  rrmo\al  of  liu-  dirt 
and  lil)t>r.  Aillioiii^ii  llic  pnu-oM's  \Avy 
in  ilftail,  llicy  all  coiisiNt  in  tlic  ^rritHiin;^ 
of  tlu'  scrap  !)>■  means  of  |>o\v<TfMi  roll- 
ers, sci)arafin^  l>its  of  iron  win-  and  nails 
hy  in<'ans  of  a  nia^'iict.  aM<l  I  lit-  r<'iiin\al 
of  tlir  filter  eillirr  !>>  mccliaiiical  or 
cluMnical  means.  W  In  n  nicclianic  al 
m«'ans  are  employed  llie  >erap  is  jiroinid 
to  a  tin«'  |M)\\der  and  a  strong'  cnrnMil  of 
air  is  Mown  lliroii)_'li  it.  lllll^  <arr\in;,' 
away  all  the  li;_'liter  fiher,  while  the 
heavier  rnhlier  remains  hehind  ami  is 
ready  either  to  he  nsrd  as  "' sliodily  "  in 
new  mixtures,  ur  lo  lie  |)Ul  thrt»Ui,'li  a 
snl>>e(|nenl  process  of  "de\  iilcani/at  ion.  ' 
The  chemical  metho<|  of  filter  remo\al 
consists  of  trealinj,'  the  scrap  either  with 
an  acid  or  a  caustic  alkali  which  does  not 
materially  atfect  the  ruMtcr,  while  it 
{•anses  the  disinte^'ralion  of  the  filter 
which  can  then  he  removed  hy  washiiif^. 

The  ideal  <tf  the  reclaimer  has  always 
hcen  to  n'vers*'  the  pritcess  <tf  \iilcani/.a- 
tion  and  t<t  retin-n  the  nniterial  t(t  the 
c(tn<lition  in  whi<'li  it  was  after  the  mix- 
in";  <tf  the  caontchoiic.  sulplmr.  Ijlharue 
and  other  materials.  This  wctuld  mean 
the  hreakinj;  <lown  of  the  chemical  com- 
ponntj  f<trme(|  when  the  \nl<-ani/alion  was 
accomplished;  thai  is,  it  wduld  re<|nire 
the  separation  of  the  snljthnr  ami  the 
caontchonc  which  had  comhined  chemi- 
<"all.v.  This  (titject  has  not  heeii  snccess- 
fiilly  acc<tmplishe(l  as  far  as  is  known  to 
the  writer,  without  als(t  hreakin<,'  d(twn 
the  caoutchouc.  The  most  that  has  ever 
been  done  is  to  soften  the  material — to 
make  it  more  plastic  and  adhesive. 

Two  methods  have  heen  <'mplo.\'ed  in 
attempting  to  rem<t\-e  the  sulphur,  each 
of  which  has  htvn  ])artiall.\' successful :  - 
First,  treating'  the  finel.v  <:r<tund  scrap  in 
large  re<-eptacles  made  <tf  h(tiler  iron,  with 
superheated  steam.  Hy  this  means  cctn- 
siderahle  amonnts  ctf  sulphur  comhine 
with  the  hydrogen  of  the  steam  aiul  pass 
off  into  the  air  as  sulphureted  hydrogen. 
This  removal  of  a  portion  of  the  snl|)hur 
and  the  high  temperature  at  which  the 
operation  is  carried  on  .serve  materially 
to  soften  the  snhstance.  Second,  some 
processes  utilize  the  chemical  fact   that 


alkalis,  sinh  as  <  aiisfic  soda,  uill  c<imhine 
with  the  sulphur  in  \nl<-ani/.ed  ruhher 
and  thus  remove  il  This  is  carried  cut 
h,\'  hoiling  the  serap  in  tanks  filled  with 
s(tlnti<in  of  canst  ic  alkali  uml  finally  wash- 
ing it  lliontiighl.v  with  watri 

The  material  thus  "de\  iiji  aiii/ed "  is 
frccjueiilly  mixed  with  \ar.\inL'  projutr- 
tioiis  of  oils  in  ordi-r  m<tre  thoroutrhly  to 
sitfteii  III*'  mass.  The  "milling."  that  is 
the  mechanical  treat  ment,  is  a  ver\'  im- 
porlanl  factor  in  I  he  reclaiming  pr<t<-ess. 

My  methods  similar  to  those  outlined 
aho\e,  tin'  waste  ruhher  of  the  world  is 
almost  completely  iilili/.e(|;  and  ruhher 
scraj)  is  alin<ist  as  important  a  staple  of 
eornnieice  as  is  raw   rnliher  itself. 

Sonn  i;s  oi-   (  aoi  r<  nm c 

( "a(tutch<tuc  is  a  constilueni  of  the 
latex  or  juice  which  exists  het  ween  the 
layers  of  the  hark  «tf  nniny  tre<'s,  shruhs 
or  vines  which  gntw  in  nearl,v  all  parts  of 
the  tntjtical  and  semi-tropical  w<trld.  In 
tin'  temperate  /ones  also  there  are  plants 
wlntse  sap  contains  ca(tutchouc,  in  (pian- 
tities  t(t<i  small,  h<iw<'\er.  for  c«tmm<'r(ial 
]iurp(tses.  Within  a  short  tim<',  it  Inus 
lieen  seri<tus|y  prop(tsed  |<t  utilize  the 
leaves  of  the  hanana  plant  and  even  the 
skin  of  the  fruit,  which  is  sjijd  fo  c(»tilain 
small  <pianlities  of  j-iilther  in  its  s.ij),  is 
heing  experimented  w  il  li. 

.Vllhough  there  are  so  maii,\-  plants 
from  which  caoutchouc  may  he  ohtaine<i, 
tlntse  nntsl  fre<|Uenli,v  menti(tne<l  are  the 
hrira  lirazilirnsis,  htnnrl  native  in  Brazil, 
Bolivia  and  Peru;  the  raslUlod  cla.stira, 
foun<l  wild  ill  ('(tlomhia  and  Central 
.Vmerica.  In  Africa  the  hitidnlphia,  a 
large  \ine  and  the  hirlcxin  African  a  are 
the  jtrincipal  soiir<<'s;  wliih*  in  India  the 
Mala.vsian  I'eninsula  ami  the  lOast  Indies 
\]\r  finis  rhisticd  (the  "ruhher  plant"  of 
our  greenlMtusesj  has,  until  recently,  heen 
the  nntst  impctrtant  source.  At  the  pres- 
ent time,  also,  large  fpiantities  of  grntd 
ruhher  are  heing  ohtained  from  a  shruh 
calle<l  giiatfiilc  which  grows  in  Central 
.Mexico  and  sf)ufhern  Texas. 

Until  within  a  few  years  the  collection 
of  caoutchouc  ha.s  been  left  almost 
wholly  to  the  natives  of  the  tropical 
lands,  and  the  volume  and  quality  of  the 
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supply  has  hcvu  drptMidtMit  upon  iiicn  i>l" 
littlo  >kill  ;nul  Kvss  effit'itMicy.  In  most 
cast's  the  tappiiii;  of  tho  trors  lias  Ixhmi 
not  only  wastoful  hut  drstructivo.  All 
this  wast*'  and  inofficionry  has  addetl 
grvatly  to  the  cost  of  collection  and  has 
also  detracted  from  the  (piality  of  the 
pn^lucl. 

In  recent  years  the  jjrohlcni  of  the 
ruhher  supply  has  Immmi  approached  from 
a  scientitii-  standpoint,  and  the  task  of 
phn-intr  caoutchone  upon  tli<>  market  is 
rapidl\-  heiiiii  taken  uj)  hy  men  of  skill 
and  scientific-  training.  In  Brazil,  for 
instance,  where  alarm  was  felt  because  of 
the  apparent  depletion  of  the  licrea  (the 
source  of  the  finest  ruhher  known),  im- 
pro\e<l  methods  of  collection,  govern- 
ment supervision,  the  oi)ening  up  of  new 
tracts  hy  building  railroads  and  the  im- 
provement of  water  ways — all  these 
things  luive  tendetl  to  increase  the  out- 
put of  the  Amazon  country  and  to  make 
it  more  uniform  in  cpiality.  What  has 
been  shown  regarding  the  im])rovement 
in  Brazil  is  typical  of  what  has  been  go- 
ing on  in  other  fields  so  that  there  is  great 
improvement  both  in  cjuantity  and  (jual- 
ity  in  all  parts  of  the  world.  Moreoxer, 
successful  attempts  have  been  made  to 
cultivate  certain  species  of  trees.  This 
is  notably  true  in  ca.se  of  the  hevea  and 
the  caMilloa.  In  ca.se  of  the  herea  the 
.success  has  been  .so  remarkable  that 
there  are  hundreds  of  thousands  of  trees 
in  Ceylon  and  the  Malaysian  Peninsula 
as  well  as  in  other  |)arts  of  the  far  Kasf, 
which  are  now  yielding  such  large  (|Uanf  i- 
ties  f)f  rubber  of  superior  grarle  that  the 
market  is  being  infiuenced  by  it  to  a  con- 
siderable extent.  Besirjes  this  there  are 
millif»ns  of  young  trees  |>lantefi  in  India, 
thep'ast  Indies  and  in  Africa,  which  will 
Jx*  of  VK-aring  age  in  a  few  years. 

In.  Central  anrl  South  .Vmerica.  also, 
the  cultivation  of  the  rn.stiUoci  elaslim  is 
being  carrier]  f>n.  This  will,  in  time, 
cause  a  large  increase  in  the  sui>i)ly  of 
those  grades  of  rufjber  which  are  callcrj 
"centrals." 

Not  only  does  the  cultivation  of  the 
trees  increase  the  amount  of  rubber,  but 
the  fact  that,  under  plantation  condi- 
tions, .scientific  treatment  of  the  latex  is 


l)ossil)lc,  has  already  brought  about  great 
im|)ro\-cnu>n(  both  as  to  the  (juality  and 
uniformity  of  the  rubber  placed  upon  the 
market.  It  nj;iy  be  expected  that  im- 
pro\(Mncnl  along  these  lines  will  con- 
tinue, and  that  the  same  general  meth- 
ods will  be  followed  in  the  native  forests 
all  o\-er  the  world. 

M  uch  has  b(>en  said  within  a  year  about 
the  sup|)ly  of  nib])cr  not  kcci)iiig  up  with 
the  demand;  and  the  hysterical  Hurry  of 
a  icw  months  ago  was  the  result  of  a  feel- 
ing (arising,  however,  from  lack  of  infor- 
mation) that  a  rubber  famine  was  immi- 
nent, but  the  prophesies  of  men  with 
cooler  heads  have  come  true,  and  today 
the  talk  of  famine  is  not  heard. 

Can   C.vouTcnoi'c  hk  Syn'thesized? 

For  years  the  synthetical  i)reparation 
of  india-rubber  has  been  the  oi)})ortunity 
of  the  charlatan,  the  dream  of  inventors 
and  the  aim  of  the  chemist.  From  the 
chemist's  standpoint  this  synthesis  has 
been  one  of  the  most  baffling  of  all  the 
problems  of  organic  chemistry,  and  a 
prominent  writer  on  subjects  dealing 
with  the  rubber  industry  has  recently 
said  that  the  commercial  .synthesis  is 
not  probable.  'I'hc  methods  of  the  .scien- 
tist, ho  weyer,  are  as  persistent,  as  patient 
and  as  relentless  as  the  })racticed  hunter 
stalking  his  (juarry,  and  chemists  will  not 
rest  until  the  thing  is  accomplished.  Even 
now  it  is  believed  that  the  chemical  con- 
stitution of  the  substance  has  been  de- 
termined by  Professor  Harries  of  Kiel; 
and  it  has  actually  been  synthesized  on  a 
laboratory  scale.  What  remains  to  be 
done  (and  the  saying  is  nnich  easier  than 
the  accomplishmentj  is  to  find  a  method 
and  raw  materials  cheai)  enough  .so  that 
the  finished  product  can  comi)ete  with 
the  natural  i>rorhut.  When  fas  is  the 
casej  it  is  rcj)ortc«l  that  Ceylon  hevea 
rub})er  can  now  be  laid  down  in  London 
for  a  shilling  a  j)ound,  one  can  appreciate 
the  magnitude  of  the  chemist's  })roblem. 
It  is  even  now  rumor(;d  that  the  largest 
chemical  company  in  the  worhi  is  build- 
ing works  for  the  manufacture  of  syn- 
thetic rubl>er.  Whether  this  rumor  is 
true  or  not  at  present,  its  accomijlishment 
is  only  a  question  of  time. 
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Till.  MT..l..^ical  Ir.l   is  llir  hitc.l   .icvrl-  WuKl.l) 

()|)liiriif    i.r   sciciH«'  oil    thr   siil.jrct    (tf  (lis-  '|-,,,.       |,„i;:cs|      ,,(      l{(.|lic*s      <cl«-l.i;il  cd 

criiiiiiKiliiii,'    l.flwrcii    .lirtriTiil    kiixK    of  ;i<hmm|iicIn    was    lift  \ -s<\  m    mil<-s.     New 

l.lon.l   shiiiis.      It    is  s,,  in.irvrloiislv    .Idi-  "^'..rk's  Calskill  a(|iic(lii<l    will  Ik-  iiiiicf y- 

<al«- that  tlirtlrsln. fan  i:^'y|)lian  iimmmy  (jv,.  mJIrs  Iniij:.  I>iit   tin-  a<|ii<'<hn-t   wliirli 

nvspoiuls  rcailily  to  it.      Dr.  Uackiiiaii  of  will  supply  Los  Aii^'clcs  willi  walcr.  iKtw 

tlu'    Koyal   Society    of    I'uMie    Heallli    in  ,iii(l«-r  <<. list  riiel  ion.  will  he  two  ImiKlred 

LoikIoii  recently  pive  a  wondfitiil  (leinon-  and    forty    miles   Ion;:   and    iiivoKc   soinc 

stration      of      this      test.       Tlic      |»re\ioiis  uniisiial  eii^Miieerin^'  feat  iires.      That  por- 

nietliods   of   disrriniinatiii^'    I.etwtTii    dif-  t  ion  of  f  lie  t  iiiinrl   which  [)ierees  t  lie  cre.st 

fereiit    kinds  of  Mood  wen-  liascd  on   the  ,,f  the  Sierra  .Madn-  raiip-  and  wlii<li  has 

a|)pearaii<-e  of  the  l.lood  corpuscles  iiii<|cr  1,,.,.,,  drilled   throii^di  ','<». TSO  feel   of  soli.l 

the  inicn)scope.     The   new    Icst    is  li.iscd  ^rr.mitc  was  eoinplefed   in   l''el.riiary. 

oil  the  clu'inical  character  of  I  he  ;dl.iiiiicii  ()f    (|,,.    1^,,    hundred    an. I    twenty-six 

<iissolved  in  the  Mood  seriiiii.  miles   of  conduit,    twenty-two   miles   will 

Si'Veral  lest  liilics  |i:hI  Ihcii  pro\  ided  )„.  .,,,  ..p,.,,,  iilililied  ililch  lliroll^h  clay, 
which  c<.iilaine<l  what  is  known  as  ;inli-  |w<iity  miles  will  he  a  covered  ditch 
.serum  which  had  heeii  pre|)ared  hy  inject-  lined  with  ceiiieni  <»r  riihhle.  one  hull- 
ing' the  hlood  ..f  s(, me  animal  into  a  ,|,.,.,1  n\u\  thirty  miles  will  he  covered 
rahhit.  'i'he  ditfereiit  kimls  of  hlood  in  cmdiiif  of  ceim-nt,  eighteen  miles  will 
dirti-rent  sets  of  rahhit s  which  had  heen  |„.  iimnelled  through  rock,  ten  miles  tiiii- 
treafed  were  those  of  a  man.  a  horse,  a  ,,elled  through  earth,  nine  miles  ,,f  stee 
1)1^  and  an  o\.  siphons    crossing   cafioiis   and    lud   miles 

After  a  certain    mimher    of   injections  ,,f  steel  lliimes  crossin^<iepressions.    Kveii- 

tlie  rahhit's  hlood  was  found  to  coiilain  tiially  the  conduit  will  he  coven'«l  t  hroii^di 

a  snhsfance  known  as  preci|)it in.      .V  drop  jis  entire  leicMli. 

of   hlood    from    a    rahl)it.    coiif aiiiiii^^    the  This  will  he  the  h.iiKesI  <-oiidiiit    in  the 

precipitin  caused   hy  Ininiaii  hlood   has  a  world  supplying' a  city  with  wafer.      Th.- 

curious  etfect   on   the  alhiimeii    dissolved  ,,nly  other  water-works  plant  eoiiij)aiahle 

out  of  human  hi I  hy  a  salt  solution.     .V  with  this  system  in  ma^Miitiide  is  the  one 

few  drops  of  this  solution  was  placed  in  a  ,„,w    heini:   constructed    for    the   city   of 

very  small   test    tuhe  and  a   drop  of  the  X,.w     ^nrk.       The     l-<.s    .Vnp'les    .sy.stem 

antiserum    was   allowed    to   fall    upon    it.  with     a     daily     capacity     of     MM).(KH>.()(I() 

As  the  dro|)  s<'ttled  to  the  hottoin  of  the  ^r;,ll,,|,s    will   cost    s^.'d. ()(»(). (KM)   while   New 

tuhe  a   rin^  of  filmy  o|)alesceiice  formed  ^Ork's  with  a  daily  capacity  of  .idd.OOO.- 

at   the  point   of  contact   hetween   the  two  ()()()  ^'allons  will  cost   sKrJ.OOO.OOU.      It    is 

li(piids.      WIkii    any    of    the   other    hlood  estimatcl   that    when  the  .system  is  coiii- 

.serums   wen-  <lroppe<l   into  tin-  li<|uid   it  pleted  it   will  irrigate  more  than  lOO.OOU 

remained  |)erfectly  clear  and  transparent.  acres  of   land,   making'  possihie  a   po|>u- 

\yhere  the  hlood  of  a  horse  was  treated  hifiou  of  .>(>().()()()  people  within  a  radius 

with    salt    water    the    antiserum    caused  „f  twenty-five  miles  of  Los  Angeles, 
hy  the  hlood  of  the  horse  ga\e  a  telltale 
ring  of  o|)alesc<'nce,  whih'  all  the  others 
remained  eiear.  thus  ^i\in^  a  key  to  the 
kind    of    animal    to    which    the    ori^'inal 

flesh  Ix'lon^'ed.  .Mthoii^'h  this  test  has  A<foi{i)iNf;  torci)orts  frf)m  Washin^'fon 
been  known  for  al)out  five  years  it  has  electric  locomotives  will  he  used  for  tow- 
only  recently  heen  hrou^'ht  to  its  present  ing  ships  through  the  Panama  ("anal 
perfection.  locks.       The    l<K-oniotives    will    he    gear- 

The  only  e.\ce})tion  fo  this  test  is  that  connected  to  the  track  by  a  middle  rail 

the  hlood  of  a  man  an<l  the  hlood  of  a  high  cut    into  the  form   of  a  rack  in  order  to 

cla.s.s  ape  give  the  same  results.  obtain  the  recjuisite  tractive  effort. 


ORIGIN   i)V  TlIK   CORAL   REEFS 

A  sr(;(.i:si"i()N    invVHixc  on  juk 
QiKsrioN   OF    rill-:   fokmkr  mo- 

Hlin  V    OF     riiK     FAH'ins    (RrST 
rXDFH     rilF     DFFr    OCKANS 


m    i{r.(.i\ AM)  A    DMA 


TnK  voyaiic  of  the  "Hoaulo"  made 
Charles  Darwin  not  only  the  ^reat  biolo- 
gist hut.  as  well,  one  of  the  al)lest  jjeolo- 
gists  o(  his  time.  His  l)ook  on  (\)ral 
Reefs  s]>ee.lily  heeaine  famous  because 
it  otfere.i  the  first  well-reasoned  explana- 
tion of  those  marvellous  structures. 
Aluiost  sinuiltaneously  and  quite  inde- 
peudeutly.  J.  I).  Dana  developed  the 
same  theory  amonj;  the  islands  of  the 
Pacific.  The  Darwin-Dana  theory  de- 
nian<ls  the  slow  subsidence  of  the  .sea- 
bottom,  to  the  extent  of  1,000  or  ^2,000 
fathoms  or  even  more.  The  individual 
areas  of  sinking  were  to  be  estimated  by 
the  millions  of  square  miles.  This  j)roc- 
ess,  on  a  truly  i)lanetary  scale,  was 
describeti  as  continuiu<:  into  our  own  day. 
In  the  second  half  of  the  last  century. 


goons  inside  the  reefs  lune  average 
depths  of  about  '-200  feet.  The  crown- 
ing reefs  are  veneers  laid  upon  the  plat- 
forms. This  fact  is  shown  by  the  general 
topogra))hy  of  such  archi])clagocs  as  the 
Maldi\"e  grouj)  in  the  Indian  Ocean. 
According  to  Agassiz  and  others,  the 
same  fact  is  often  e\ident  in  the  case  of 
recently  uplifted  reefs,  where  in  each 
ca.se  there  is  a  distinct  structural  break 
between  the  modern  reef  and  the  rock 
of  the  general  i)latform.  The  existing 
reefs  are  always  of  snudl  thickness  and 
area.  In  \iew  of  the  great  rapidity  of 
coral  growth,  it  seems  clear  that  the  life 
of  tile  existing  reefs  began  not  numy 
thousands  of  years  ago.  At  the  time  of 
their  birth  the  platforms  must  have  been 
even  smoother  than  they  are  now,  though 


?tocene_  _ 


Section  of  the  corapo.site  .\ri  .\toll  in  thf  Maldives.  IMalform  nx-k  shmvn  by  cross-lininf;;  foral  reefs  and 
calcareous  debris  by  solid  black.  Horizontal  .scale  is  four  miles  to  one  inch;  vertical  scale  ten  times 
as  large 


Semper,  Rein,  Murray,  .Vlexander  Agassiz, 
Guppy,  and  others  m-jrle  detailed  studies 
of  numerous  reefs  and  agreerl  that  many 
of  these  show  clear  evidence  of  recent 
uplift.  Sir  John  Murray  anrl  .Vlcxander 
Agassiz,  the  one  a  member  of  the  mf)st 
fruitful  of  oceanographic  expeflitions, 
the  other  with  an  absolutely  unrivallerl 
personal  knowledge  of  the  reefs  of  the 
three  oceans,  have  specially  emphasized 
the  failure  of  the  subsirlence  theory  to 
explain  the  "facts  of  the  field." 

Atoll  reefs  are  rocky  crowns  laid  on 
broad  platforms,  which,  in  each  ocean, 
have  an  average  depth  of  about  ^27.5 
feet     of     water     uyion     flie?n.      The   la- 


the oceanic  charts  show  that  they  are 
exceedingly  smooth  today.  The  general 
relations  may  be  better  understood  by 
reference  to  the  accompanying  cross- 
section  of  a  typical  rccf-crowncd  plat- 
form. 

These  facts,  which  patient  surveys  of 
the  i)latforms  have  only  recently  made 
fully  apj)arent,  seem  to  find  no  explana- 
tion on  the  Darwin-Dana  hypothesis  of 
whf»lesale  subsidence  of  the  .sea-floor.  Nor 
ha\e  the  oi)pf)nents  of  their  view  given 
a  satisfactory  explaruition  of  the  i)eculiar 
to{>ogra[j|iic  relation  of  atolls  to  their 
platforms.  As  a  result  of  studies  on  the 
Hawaiian   reefs   in    1900,   the  writer  has 
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N<>rllira>l  Imrn  .if  Makimiiilii  Atull  in  llir  Malilivf  An  lii|)<lan<>,  shdwirif;  Miiall  ana  of  r<<f.      Tli 
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atttMiipt«'<l  fo  pn»\i(I«' :i  \\oikiii;i  li>])ntlic- 
sis  t<»  iiH'cl  llif  cax".  Ilr  li;i>»'s  tin-  coli- 
ceplioM  oil  facts  uliicli  were  cit licr  <|iiit»' 
uiikiiowii  ill  Darwiiis  time  <»r  not  tlicii 
properly  cxalualcd.  ( )t'  Icadin-z  iiiipor- 
taiicc  arc  some  of  tlit-  tacts  (ltTi\('tl  from 
(piitc  recent  ^:lacial  (liscovcrics.  Tlic 
arfiuint'iit    i>    hricily    as    follow  >. 

With  increasing'  know  1c(1l;('  of  the  ;rla- 
cuitcMJ  regions  in  tlic  sontlicrn  licnii>plicr(', 
it  is  Ix'coniinji  more  and  more  certain 
that  the  whole  earth  was  chilled  in  the 
IM-.'istoeene  (Quaternary)  period.  The 
Pleistocene  ice-she<*ts,  which  have  since 
melted  away,  had  a  eomi)ined  area  of 
at  least  (J.OOO.OOO  s(|Uare  miles.  The 
avera<ie  thiekricss  of  the  ice  was  \cry 
j)ro'>al)ly  more  than  .'{.0(10  feet.  The 
renM)Val  (»f  enough  water  to  form  that 
ice  'endeil  to  lower  sea-level  all  aroimd 
the  globe  hy  at  least  l.)0  feet.  The 
gra\itative  attraction  of  the  ice-caps 
must  have  further  lowered  sea-level  in 
the  fcjuatorial  seas  by  amounts  ranging' 
from  .'50  to  oO  feet.  The  net  shift 
of  Uvel  in  the  ecjuatorial  zone  was, 
therefore,  at  least  ISO  feet.  C'on- 
versey,  the  melting  of  the  full  (J.OOO.OOO 
square  miles  of  ice  must  have  rai->e<l 
sea-lcN'cl  in  that  zone  l)y  about  1(S0 
feet. 

The  Pleistocene  chilling  of  the  ecpiato- 
rial  ocean,  even  if  the  average  surface 
temperature   were   lowered   only    half   a 


ilo/.cn  de;^re«'s  centigrade,  must  have 
greatly  retardecl  the  growth  of  reefs,  for 
I  he  reef-bnilding  polyps  camiot  long  u  it  h- 
stanil  a  temperature  below  ^.'O'C  The 
I'cbniar.N'  marine  isotherm  of  ".^OX'.  lies 
but  a  few  hundred  miles  north  of  tlu? 
larger  Hawaiian  IslaiMb.  We  nia\  be 
certain  that  those  islands  were  not  bor- 
dere(l  by  li\ing  reefs  at  a  time  when 
1,(100, (too  s(|uare  miles  of  i<-e  ca|)|)ed  the 
neighboring  continent.  Hawaii  itself 
seems  to  hax'c  borne  at  least  one  small 
glacier,  the  charactcristie  tracc-s  (»f  which 
were  observed  by  the  writer  on  Manna 
Kea  at   the   1^2,0(>0-f(>ot    h-vel. 

Having  lost  their  <lefending  reefs  by 
the  t<'m|)orary  changi-  of  climate,  the 
j'leistocene  islands  fell  a  |)rey  to  the 
enormously  })owcrful  breakers  of  the 
open  ocean.  At  IIk"  rates  of  erosion 
actually  nieasured  on  existing  coasts, 
and  within  the  time  fairly  estimat<'d  for 
a|)j)roximate  maxinnim  glaciation,  most 
of  the  Pleistocene  oceanic  islands  (com- 
posed of  limestone  and  other  soft  rock) 
would  be  worn  flat  by  the  waves.  At 
that  time  th<' .sea-level  was  at  least  180 
feet  lower  than  now.  The  y)lains  of 
wave  abrasion  lay  a  few  fathoms  below 
that    level. 

With  tlu"  amelit)ration  of  climate  the 
ice-caj)s  of  the  higher  latitudes  liegan  to 
melt,  and  the  surface  temi)erature  of  the 
equatorial  ocean  soon  reached  the  mini- 
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Pitted  and  lioneycombcd  elevated  reef  rock  of  a  .Maldi\c  Atoll.      After  Agassi/. 


mum  j)oint  where  coral  polyp.s  could 
flouri.'^h.  Tlie.se  animals  .s|)eedily  colon- 
ized the  eroded  platform.s  and  developed 
the  atoll  form  as  a  result  of  the  slow  ri.se 
of  sea-level. 

This  hypothesis  seems  competent, 
therefore,  to  explain  the  remarkable 
flatness  of  the  j)latf(jrrns;  their  nearly 
uniform  depth  of  al)out  ^275  feet;  the 
crown-shape  and  small  size  of  the  atoll 
reef;  the  fact  that  the  reefs  are  veneers 
on  the  platforms;  and  the  formation  of 
their  wonderful  lagoons. 

"A-s  Suess  points  out,  the.se  features 
can.  hardly  be  explained,  either  on  the 
Darwin-Dana  hypothesis  or  on  Murray's 
hyj)othesis  of  solution  insirle  the  reef. 
Murray's  conception,  that  many  of  the 
plateaus  have  been  built  uj)  by  calcarfous 
accumulations  on  volcanic  peaks  which, 
by  eruptions,  had  reached  to  depths 
within  a  few  hundred  fathoms  of  tlK> 
surface.  Is  in  ill  adjustment  wifli  lii> 
solution  hyf>othe>is.  In  any  case  it 
cannot  solve  the  j)roblem  for  the  vast 
majority  of  reef-bearing  plateaus. 

"Since    reef-building    corals    doubtless 


fl(nirished  in  the  equatorial  .seas  during 
the  Tertiary  period,  and  there  greatly 
protected  island  and  mainland  from 
wave  attack,  the  development  of  the 
smooth  fioors,  on  which  the  existing 
reefs  stand,  is  not  to  be  ascril)ed  to 
Tertiary  marine  erosion.  In  fact,  it  is 
an  open  (juestion  whether  the  atoll 
archii)elagoes  do  not  represent  a  highly 
exceptional  .set  of  conditions,  such  as 
have  very  seldom  prevailed  in  the  history 
of  the  globe.  According  to  the  hypo- 
thesis here  proposed,  the  essential  ccndi- 
tions  have  iiichHlcd  a  hollowing  (nega- 
tive) movement  of  sea-level  with  sijl).se- 
quent  heai)ing  (positive)  movemeiit  of 
sea-level,  each  movement  being  con- 
nected with  that  rare  [)henomenon, general 
ghiciation.  .\toll-forming  jx'riods  may 
ha\e  l)een  at  least  as  rare  as  j)ericds  of 
such  glaciation,  and  it  is  possible  that 
only  since  the  late  Pleistocene  has  the 
first  atoll  archipelago  come  into  exi.stence. 
Single  small  atolls  might  hav<'  lieen 
formed  at  any. time  since  the  reef-l)iiilding 
corals  were  evolved,  but  such  groups 
of    atolls    as    the    .Maldives,    with    their 
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peculiar  rrlalioii  to  llir  iiiitl«'rl\  iii^'  plat- 
eaus, scciii  to  (leiuaiid  special  sliilt^  (tf 
level.  For  explanation  of  <'xislin^'  atolls 
and  l>arriers  the  pn'fereiice  is  here  j,'i\eii 
to  a  moderate  tumular  uioveinent  of  tiic 
ocean,  rather  than  to  the  enormous 
crustal  displacrnu-ntN  im|)lied  in  the 
Darwin- Dana  hypolhfNi>."* 

TIm'  NUi,'i,'<">l<'d  hypothesis  has  <»nt' 
ohvious  and  important  ln-ariiiLj-  II  it 
he  c«)rreet,  the  existence  of  atolls  in  the 
"coral  seas"  can  no  longer  he  re^^arded  as 
a  proof  that  the  Pacifir  Kasin  at  least  is 
of  n-cent  origin.  Mflii-f  in  its  anti(|uity 
is  lherel)y  facilitated,  as.  indc<'d,  that 
hclicf  seems  compelled  hy  man\  |)rinci- 
])al   facts   in   ^'colo<;y. 


riurrF.cTiVF  r()i.()iuN(i 

It  is  a  matter  of  <,'eneral  ol)ser\at ion 
that  Itirds  and  animals  have  a  dark  color 
on  their  hacks  and  oftentimes  ar«'  xcry 
liu'ht  in  color  on  the  under  side  of  their 
bodies,  hut  an  artist  named  Thayer  is 
I)rol)al)ly  the  first  person  to  jjoint  out 
what  naturalists  had  failed  to  discover, — 
that  this  was  really  a  matter  of  pro- 
te<'tivc  colorinu'.  At  first  si^'ht  it  does 
not  seem  possible  that  tin*  intense  while 
on  the  breast  of  a  bird  as  com|)ar<*d  with 
the  dark  back  and  up|)«'r  part  of  the 
win^s  could  scr\'e  as  protect i\e  coloring,', 
but  Mr.  ThaNcr  has  ma<lc  an  experi- 
ment which  shows  conclusi\-ely  that  this 
is  a  fact. 

'rhre«'  small  objects  were  i)lac«'»l  hori- 
'/o!itally  on  wires  a  few  inches  above  the 
ground.  They  were  earth  color  on  top 
and  two  were  paintetl  white  on  the  under 
sid«>  blending  to  a  brown  on  the  sides, 
while  tin-  other  (»ne  was  painted  earth 
<"olor  all  over.  When  \iewed  from  a 
little  distance,  the  two  that  were  colored 
white  behnv  disappeared  from  sij,'ht, 
while  the  other  one  stood  out  in  stroni: 
relief  and  appeared  much. darker  than  it 
reall.v   was. 

A  similar  experiment  was  made  on  a 
lawn.  One  of  the  objects  was  painted 
green  on    top  but   white  on   the  under- 

*R.  A.  Dalv.  American  Journal  of  Science,  \o\. 
30.  1910.  p.  307. 


side,  and  the  other  one  was  painl«'d 
^'reen  all  oxer.  As  tin*  obser\er  nio\ed 
a\\a\'    from    them.    I  In-   foruH'r   soon    bi-- 

canie    inxisible    while     the    latter    bee.ime 

conspicuous. 


.\  IMIRM  \M:\'I    \I   1{()II\ 

M\\\  peo|)lelia\c  no  doubt  observed 
Ihal  on  some  ni^iits  ihe  >sk.\-  is  much 
brighter  liian  on  others  although  there 
is  no  appreciable  dilference  in  the  bri^'hl- 
ness  of  stars,  and  in  fact  occasionall.v  on 
moonless  nijxhts.  e\-en  when  the  sk.v  is 
oxcrcast,  there  is  a  f,'eneral  illumination 
of  the  sk.v,  increasing  towards  the  hori- 
zon, which  is  known  as  "earl  hli^hl. " 

It  is  true  that  a  certain  amount  of  the 
li^dit  of  Ihe  sky  on  a  starry  ni^dif  is  «lne 
t(»  diffused  slarliuhl,  but  it  is  c(|ually 
true  that  when  the  sk.\  is  cloude«l  and 
not  a  star  to  be  seen,  impressions  have 
been  made  on  a  photofiraphic  plate  after 
half  an  hour's  ex|)osure. 

Mr.  ^  niema  of  the  .Vslronoinic.d  Ol)- 
servalor\'  in  (ironin^'cn,  Holland,  who 
has  recentl.v  issue<l  a  memoir  on  this 
subject  agrees  with  other  scientists  that 
this  phenomenon  is  the  effect  of  a  per- 
manent aurora  which  overspreads  the 
wholi-  sky  aii<l  presumably  is  common 
to  all  parts  of  the  worM.  'i'he  auroral 
characler  of  this  light  ap|)ears  to  be  estab- 
lishe<l  by  the  fact  nofc<l  by  several  com- 
pefenl  obser\"ers  that  the  characteristic 
green  line  of  the  auroral  spectrum,  gen- 
erally attributed  to  the  element  krypton, 
may  be  observed  in  all  i)arts  of  the 
heavens  on  almost   any  clear  night. 


CK.MK.N'i    I  b()()U>  l.\   rrLL.M.\.\S 

A  FE.vTi  UKof  IIk'  tK'wly  e(|ui[)ped  train.s 
in  the  Chicago  limited  service  of  the 
Baltimore  &  Ohio  Railroad  is  that  the 
new  coaches  are  provifled  with  cement 
floors.  .\lthough  cement  flooring  for 
passenger  cars  was  suggested  years  ago 
on  the  grounds  of  durability  an«l  clean- 
liness as  well  as  to  safeguarfl  against  fire, 
the  idea  was  rejected  on  the  presumption 
that  vibration  wr»iild  cause  it  to  crack. 


TIIK   c;X()MK   EXCiIXE   DESCRIBED 

rr  WAS  DKSK.NKl)  FOH   ISK   IN  AIR  SHIPS 

AM)    HAS    (;hi:at   towkh   and   LiriLK 
WKH.m    AS    i:xtrava(;an  r    ro    maix- 

lAIX  AS  rr   IS  KXPFASIVK  TO  lUTLI) 


Uiports  1)1'  retviit  axiation  iiu-i-ts  have 
so  often  mcntiont^l  the  Cinoine  motor 
that  it  seems  timely  to  briefly  cx])lain 
the  salient  peculiarities  of  this  type  of 
aeroplane  engine.  As  is  well  known,  this 
is  the  ensiine  used  by  Grahame-White  in 
his  flisihts. 

To  explain  clearly  the  fundamental 
(litTerences  between  the  ordinary  and  tiie 
Gnome  engine,  consider  first  the  parts 
and  operation  of  a  gas  engine,  as  shown 
diagrammatically  in  Fig.  1.  The  cylinder 
C  and  frame  F  are  stationary.  The 
shaft  S  revolves  in  l)earings  which  are 
fixed  in  the  frame  F.  The  crank  K  is  on 
the  shaft  S  and  is  keyed  to  it  so  that  lioth 
revolve  together.     When  the  i)roj>er  ex- 
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plosive  mixture  is  inlrodnced  Itrtwcen 
the  piston  P  and  the  head  H  of  the  cylin- 
der C  and  then  ignited,  the  piston  P  is 
driven  to  the  right,  which  pushes  the 
rwl  R  and  the  upper  end  of  the  crank  K 
to  the  right  causing  K  to  revolve  about 
the  shaft  S  into  the  position  shown  in 
Fig.  i.  As  S  is  keyed  to  K  the  shaft  S 
must  revolve  with  the  crank  K.  The 
shaft  S  is  attached  to  the  7>ropcllcr  or 
whatever  it  may  be  that  the  engine  drives. 


If  now,  as  in  the  (inome  motor,  the 
shaft  S  and  crank  K  are  stationary  while 
the  frame  F  and  its  attached  cylinder  C 
are  free  to  revolve  al)()nt  the  shaft  S,  the 
parts  are  initially  in  the  jxjsition  shown  in 
F'ig.  1.  Sup])ose  the  proper  mixture  is 
now  exploded  ])etween  the  piston  V  and 
the  head  II  as  l)efore. 
A  ])ressure  is  transmitted 
tlirough  the  rod  R  to  the 
crank  K  as  before,  but 
this  crank  is  now  station- 
ary while  the  cylinder  C 
and  frame  F  are  free  to 
revolve.  The  effect  of 
tiie  pressure,  however, 
will  l)e  to  cause  the  piston 
P  to  move  to  the  right 
relatively  to  the  cylinder 
C.  The  only  way  this  can 
be  accomplished  is  for  the 
cylinder  and  frame  to 
revolve  about  the  shaft 
S  into  the  position  shown 
in  Fig.  .'5.  In  this  case,  as 
the  cylinder  revolves,  the 
jjropellcr  must  be  at- 
tached to  the  cylinder 
instead  of  to  the  shaft  as 
in    the    preceding    case. 

In  the  Gnome  motor  seven  cylinders 
are  used  spaced  equally  about  a  circle  as 
shown  in  Fig.  4.  In  this  fignre  the  crank 
case  has  been  removed  to  show  more 
clearly  the  arrangement  of  crank  and 
rods.  It  will  be  noted  that  all  the  rods 
are  attached  to  the  same  crank.  This 
causes  each  piston  to  occupy  a  different 
position  from  any  of  the  others  relatively 
to  its  cylinder.  Tliis  makes  the  operation 
smoother  because  the  mixtnre  in  no  two 
cylinders  is  })eing  ignited  at  the  same 
instant.  The  fuel  is  introduced  from  the 
car})ureter  \\\\i)  the  crank-case  and  from 
thence  is  introduced  into  the  cylinder 
through  automatic  valves  in  the  piston. 
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Imj?.  4.     Kml   view  nf  (illoinc   Motor 
-(.'olirtl'.SV  of  Pitii,  r  mill  III,    I'.iKiiinri 


'I'Im'  Niiiall  ratlial  rods  shuuii  in  I'i;:.  ."> 
actuafr  tin-  ••xliaiist  \al\»'««  Incalrd  in  llu- 
cyliiidcr  head.  TIu'm-  «'\liaii>t  \al\rs 
allow   llir  l»iiriu'(l  j^asrs  to  c-.capr. 

Soiiu-  of  tlu'  advaiilaji«'s  of  \\\v  (iiiomc 
inolor  ovrr  tlir  ordinary  lyjtr  may  !)•• 
oiilliiicd  as  f«»llo\vs.  In  llic  ordinary  ;,'as 
en;;iiu'.  owin^  to  tin*  |>iston  in  onr  cylindcT 
rt'ct'lvin^  an  inipiilsr  from  explosion  only 

once     in 

I  u  o  n'\  - 
olul  ions 
iiisl  cad 
(if  twice 
in  each 
rc\  (d  II  - 
lion,  as 
int  licor- 
<l  i  n  a  vy 
s  I  e  a  111 
en  ui  ne, 
e  i  t  her 
a    \  (•  r  y 

I I  e  a  \'  V 
ilywlieel 
oralar^'e 
niimher 

of  cylinders  imisl  he  used  in  order  to 
secure  a  uniform  turninj;  etfort  tlin»tii:li- 
out  two  revolutions.  A  lar<,'e  niimher 
of  cylinders  means  a  Ion;,'  crank  sliafi 
with  many  cranks.  l)earin;,'s,  ami  frames 
hecause  the  cylinders  must  he  placed 
side  hy  side  alon^'  this  shaft.  In  the 
Gnome  motor  all  the  seven  cylinders 
are  attached  h»  a  riii^'  surroimdinfi 
the  shaft  and  the  rods  are  all  atta<-lied 
to  the  samecrank.  thuseH'cet  iiiL'  a  mat<Tial 
saving  in  weight  and  space. 

In  all  gas  engines  it  is  nei-essary  to 
artificially  cool  the  cylinders  to  pre\'enl 
their  overheating  from  the  exi)losions  «)f 
gas  within  them.  This  is  generally  ac- 
coni])lished  hy  circulating  water  ahout 
the  cylinders  and  then  cooling  the  water 
in  radiators.  The  cylinders  of  the  (Jnome 
engine  revolve  .so  rapidly  through  the  air 
that  the  water-cooling  may  he  dispensed 
with,  their  motion  in  the' air  heing  suffi- 
cient to  keep  them  comparatively  cool. 
The  rihs  on  the  outside  of  tiie  cylinders 
in  Fig.  4  are  to  promote  rapid  radiation. 
The  air-cooling  feature  further  reduces 
the  weight  over  that  of  the  water-cooled 


motors  of  oMkm  l\pes.  1  his  mottir  is 
sometimes  niaijr  dmihle  with  fourteen 
(•.\linders  as  shown  in  Fig.  a.  In  this  case 
there  are  two  engines  use«l,  one  direct |\- 
hehind  the  other  with  the  cranks  hSO 
degrees  apart  and  the  cylinilers  in  one 
set  opposite  the  spaces  in  the  other.  This 
arrangement  hoth  allows  a  free  circulation 
of  air  ahout  all  cylinders  and  lessens  the 
length,  therchy  saving  weight. 

The  se\-en  cylinder  (inonie  cii;_'ine 
weighs  l(i7  pounds  and  dcxclops  4.>  to 
1-7  horse-power  at  10(K)  re\°olutioiis  per 
ininiitc.  It  has  |)ro\('d  its  reliahilit\'  hy 
securing  all  long-distance  ami  enduranee 
records.  The  fourteen  cyliinler  (inoine 
engine  weighs  ^t^li)  |>oun<ls  and  d<'\ clops 
iiomiiiall_\'   100  horse-power. 

The  c\linders  have  a  hore  of  4  .'{-10 
inches  and  a  stroke  of  4  7-10  inches.  The 
m<»st  iimisiial  feature  ahout  the  cylinders 
is  that,  instead  of  heing  cast  as  ordinary 
engine  cylinders  are.  they  are  turned  out 
of  a  solid  har  of  nickel-steel.  The  walls 
of  I  he  c_\  lindcrs  are  a  little  less  than  1-lG 
inch  tliick.  Macli  cylinder  has  twenty- 
I  u  o  fills  tiiriicil  on  its  exterior  whi<-h  hoth 
si  reiigt  Ik'Ii  and  help  to  cool  it  l»y  ex|)osing 
more  surface  from  wliich  to  radiate  heat. 
It  is  oiled  h\  piiin|»ing  pure  cast(»r  oil 
into  I  he  crank-case.  This  liihricatcs  all 
llic    l>cariiii.'s   and    at    llic   saim-    liiiic    the 


Fig.  .5.     (if-ncral  AsiK-mbiy  of  Gnome  Motor 
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oil  flics  outward  duo  to  contrifuizal  iorvc 
and  luUricatos  the  oylindor  walls.  A 
large  amount  i><  lost  by  being  driven  out 
of  the  cylimhTS  by  the  exhaust.  The 
makers  estimate  that  7  pints  of  lubricant 
are  needed  per  hour  for  the  100  horse- 
power t'liginc  but  this  is  largely  exceeded. 
The  gasolene  consumi)ti()n  for  fourteen 
cylinders  is  from  11  to  13  gallons  per 
hour.  L.   E.  M. 


C.VLII-OHMA    OIL    AND    THE 
PANAMA   CANAL 

AdvaN(  K  chapters  of  the  L  nited  States 
Geological  Survey's  annual  report  regard- 
ing the  production  of  ])ctroleum  for  H)00 
give  the  following  inf(»rmation:^ 

The  total  out])ut  for  the  world  in  1009 
was  ••207,41;}, 701  Ijarrels,  of  which  the 
Lnited  States  produced  18'-2,l.'U,'-274 
barrels  or  Gl.3^.  California  alone  fur- 
nished 54.433,010  barrels  or  nearly  30% 
of  the  entire  amount  produced  in  the 
Lnited    States. 

The  output  of  California  in  190.5  was 
3^.4^27,473  barrels  as  against  .54,433,010 
barrels  in  1909  or  an  increase  of  68% 
in  the  four  years. 

The  production  of  the  "Gulf"  field 
consisting  of  Texas  and  Louisiana, 
decreased  in  the  same  period  from 
36,o'26,3-23  barrels  to  ll,9h2,0.58  barrels 
or  67.5'^f 

The  output  of  both  the  "Gulf"  and 
"Mid  Continent"  fields,  consisting  of 
Texas,  Ivouisiana,  Oklahoma,  Kansas, 
Missouri,  Colorado,  Utah  and  Wyoming 
for  the  same  period  increased  from 
49,06-2,100  barrels  to  61,716,980  barrels 
or  ^26^0 

If  the  aljove  rates  of  increase  and 
decrease  should  continue  for  the  next 
four  years,  or  until  the  prol^aljle  opening 
of  the  Panama  canal,  California  would 
then  V>e  producing  over  91,000,000  barrels 
annually  against  3,700,000  barrels  for 
Texas  and  Ix>uisiana,  or  2.5  times  as 
much.  Or  comparing  California's  prol)- 
aVjle  output  with  the  probable  output 
of  the  rest  of  tlie  Lnited  States  west  of 
the  Mississippi  River,  which  would  then 
be  producing  annually  77,700,000  barrels, 
California  would  still  be  17%  ahead. 


In  view  of  the  above  it  would  seem 
to  be  safe  to  ])rcdi(l  that  the  natural 
outlet  for  this  tremendous  production 
of  oil,  would  be  either  as  crude  petroleum 
or  fuel  oil,  the  residuum  left  after  the 
lighter  oils  liiixc  been  removed  by 
partial  distillalion,  slii|)i)('d  from  Cali- 
fornian  j)orts  through  the  Pananui  canal 
to  the  north  Atlantic  seaboard  cities, 
there  to  be  used  as  fuel  in  competition 
with  coal,  the  tendency  being  to  keep 
the  price  of  oil  equal  to  and  possibly 
less  than  the  corresponding  heat  value 
in  coal,  especially  if  coal  continue  to 
advance  in  cost  along  the  New  England 
coast  as  it  has  done  <luring  the  past 
few  years. 

The  Panama  canal  will  also  tend  to 
develop  the  licpiid  fuel  resources  of 
Mexico,  Peru  and  Chile,  all  of  which 
countries  have  large  quantities  of  petro- 
leum along  their  western  coasts,  from  the 
fact  that  their  actual  distance  by  water 
from  the  north  Atlantic  coast  of  the 
L'nitcd  States  will  be  less  than  that  of 
any  Californian  port  after  the  canal  is 
completed.  b,  r.  t.  c. 


BIOLOGICAL   RADIO-ACTIVITY 

The  interesting  discovery  has  recently 
been  made  that  radio-active  rays  tech- 
nically known  as  befa  aufl  gamma  are 
given  out  by  an  organic  substance  called 
oxyburseraciii.  This  latter  is  made  by 
treating  one  of  the  j^roducts  of  the  rosin 
of  the  myrrh  tree  with  hydrogen  perox- 
ide. The  substance  loses  its  radio- 
activity in  about  nine  months.  This  is 
the  only  case  known  where  a  substance 
ol)tained  from  animal  or  vegetal)le  life  is 
radio-active.  If  tlie  rays  are  being  given 
off  })y  the  organic  compound  itself  some 
of  the  atoms  present  must  be  decompos- 
ing and  tlie  f^henomenon  is  of  vital  impor- 
tance with  regard  to  our  kncnvledge  of 
the  composition  of  matter.  It  is  prob- 
able, however,  that  the  rays  are  due  to 
the  presence  of  small  amounts  of  some 
radio-active  substances,  such  as  radium 
salts,  which  the  tree  has  got  from  the 
soil.  E.  B.  8. 
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lllK  l;ir^M'>t  ;iii(l  iii()>l  inodcrii  mill  tor 
the  product iotJ  of  steel  rails  is  located  at 
Gary,  Iiid..  and  lias  ;i  capacity  of  !•, ()()() 
tons  of  rails  ])cr  day  of  t  wciity-foiir 
hours,  t)r  siifiicieiit  to  e<|iii|)  more  than 
thirty  miles  of  sin<,de  track  with  ei;,dify- 
p<nin«l  rails.  The  pctwer  to  operat<'  the 
plant  is  pro\ided  almost  entirely  Ky 
iar^e  gas  engines  ntili/ing  the  hy-prod- 
uet  gas  from  the  l)la>t  furnaces.  The 
motive  power  of  the  roll  mill  is  sujjplied 
entirely  hy  electric  motors  of  the  three- 
phase  in«hiction  type,  stipjjlied  at  (),(!()() 
volts.  The  ingot  as  it  is  fed  to  the  rolls 
weighs  over  four  tons  and  has  a  length 
of  five  and  one-half  feet.  Kighteen 
passes  through  the  rolls  are  re(|uired  to 
reduce  it  to  its  final  form,  in  which  it 
attains  a  length  of  nearly  140  feet.  The 
lighter  passes  are  driven  hy  motors  of 
2,000  horse-power,  capable  of  operating 
for  one  hour  at  .'J, 000  horse-power  and 
for  momentary  j)eriods  at  from  .».000  to 
7,000  horse-power.  For-  the  hea\iest 
passes  motors  rated  at  (i.OOO  hor>e-power 
are  provided.  These  are  cajiahle  of  oper- 
ating for  one  hour  at  9,000  horse-power 
and  can  give  momentary  outputs  of 
from  16,500  to  -20,500  horse-power.    These 


tremendous  momenfar\'  capacities  are 
ohtaincd  l»y  the  use  of  \  ery  hea\\-  re\-olv- 
ing  parts  wjiicli  |;,ke  the  pl.icc  of  fly- 
wheels. Ill  iioniiai  operation  tin-  maxi- 
mum power  re(|iiired  at  any  single  pass 
is  S.;{.>0  liorse-|)ower,  so  that  an  iiiimens<* 
surplus  is  a\ailalile  for  short  periods  in 
emergencies.  With  the  mill  running  at 
full  spe<'(l  the  entire  cycle  of  rolling  oper- 
ations re(|uires  less  than  six  minutes  and 
the  ingots  follow  each  other  at  intervals 
of  about  one-half  minut<-.  w.   k.   w. 


Wink  or  cider  if  exjioseil  to  ihr  air 
hecoines  s(»ur.  This  souring  is  caused  hy 
the  presence  of  certain  bacteria.*  If  the 
wine  or  cider  in  thin  layers  is  allowed  to 
run  slowly  i)ast  a  lam()  that  gives  out 
ultraviolet  rays  these  bacteria  are  killed 
ami  therefore  the  souring  prcK-ess  is  con- 
.sequently  arrested.  The  layers  in  the 
ease  of  white  wine  may  l)e  very  much 
thicker  than  those  of  the  cider  lx*cause 
the  latter  is  not  so  transj)arent  to  the 
rays  that  destroy  the  bacteria.  The 
"working"  or  fermentation  of  preserves 
could  |)robably  be  jjrevented  by  these 
same  rays.  e.  b.  s. 

*\Vhich  promote  chemical  action  in  some  unknown 
wav. 
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CORROSION  (MMRON  IN  (()N(  Hi:  IK 

It  is  woll  kiunvn  that  if  iron  ho  sur- 
roundotl  with  antilhiT  suUstaiico  and  thrn 
subjeclod  til  the  action  of  an  oUn'tric 
current  fr^ini  some  external  sonrce,  tliat 
if  the  current  fU»\v  in  tlie  riiiht  direction 
the  iron  will  he  deposited  on  the  sur- 
rounding substance  in  a  niaiuier  analojjous 
to  tlje  common  i)rocess  of  j^latiuii.  The 
iron  is  not.  however,  dei)osiled  as.  for 
instance,  is  silver  in  the  silver  platinij; 
process,  in  the  form  of  pure  iron  hut  is 
fotind  irrciiularly  disfrihuted  throuyli  (he 
surrounding  medium  and  is  generally  in 
the  form  of  an  oxide  of  iron  commonly 
called  rust.  This  action  is  called  elec- 
trolysis. It  has  been  commonly  assumed 
that  if  the  substance  surrounding  the 
iron  be  concrete  the  iron  would  not  de- 
teriorate. In  the  past  this  has  been  true, 
owing  to  the  absence  of  electric  current. 
The  increasing  use  of  electricity  has  in- 
troducecl  a  factor  wliich  may  cause  ex- 
tremelv  rapid  disintegration  under  certain 
conditions.  A  series  of  tests  have  been 
made  in  the  laboratories  of  the  Massa- 
chusetts Institute  of  Technology  to  ob- 
tain data  on  this  electrolvtic  action. 


-i 
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Fig.  1 

Bars  of  steel  were  embedded  in  concrete 
as  shown  in  Fig.  1.  The  blocks  were 
covered  so  that  the  current  flowed  tlirough 
at  least  three  and  one-half  inches  of  con- 
crete.    The  blocks  were  then  immersed 


in  a  salt  solution  and  the  tests  were  con- 
tinued uulii  disinlcgration  took  place  or 
lilt"  ciirrciil  (•(•a>('(l  lo  flow.  The  blocks 
spill  as  shown  ill  l*'ig.  "i.  The  result 
obtained  is  lli.it  if  unstressed  iron  in 
concrete  is  suhjcctcd  lo  a  current  as 
small  as  .01.5  ampere  flowing  from  the 
iron    Id    the   coiicrcUN  rapid    decay   is   in- 


Fig.  2 

evitable  no  mailer  what  the  thickness  of 
the  |)rotective  coating  of  concrete  may  be. 
Other  tests  were  made  on  iron  under 
stress  in  a  .salt  .solution.  The  result 
seems  to  be  that  the  greater  the  stress 
which  the  material  is  undergoing  the  less 
raj)id  is  the  corrosion.  It  is  interesting  to 
Molc  that  the  experiments  of  Hambuechen 
and  Burgess  at  the  University  of  Wis- 
consin show  that  an  unprotected  piece 
of  metal  when  stressed  is  more  rapidly 
c-orrodcd   than   when  free  from  stress. 

L.  E.  M. 


Tim;  New  ^ Ork  Sun  makes  the  surpris- 
ing statement  thai  the  increase  in  manu- 
I'aeluring  establishments  througliout  the 
I'nited  States  during  the  five  years  pre- 
vious to  the  industrial  census  in  190.5  was 
2,8«f}  of  which  1,613  were  credited  to  Man- 
hattan and  The  Bronx.  This  means  that 
almost,  or  quite,  one  half  of  the  total  in- 
crease in  the  United  States  took  place  in 
New  York  Citv. 
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In  llir  lir^t  tiin-c  article'-,  llu-  iilliiiiatc 
stnicfurc  of  matter,  acconlin<x  to  modern 
idea.s,  was  outlined  in  so  far  as  it  inxolxcd 
the  mutual  rclatioit.i  of  atoms  and  elec- 
trons. In  the  present  article,  certain 
ideas  will  lie  (jc>crilicd  uliicli  >ecni  td 
invol\<'  the  coinlit  lull-  e\i>liui:  inlliin 
the   atom. 

Radio-Ai  ri\  iTV 

Tliero  is  a  remarkaKle  iiroup  of  -nl)- 
.stancfs,  of  wjiich  radium  i^  jx-rhapx  the 
mo>t  strikin;/  memlier.  \vlii«h  emits  rays 
continuously  without  ohtaininir  ;iny  en- 
ergy from  their  --urroundin^'^.  In  the 
case  of  radium  it  is  now  known  with 
considcrahle  surety  that  the  rays  would 
only  fall  o^  to  about  half  their  present 
intensity  in  two  thousand  year>.  Thi^ 
extraordinary  action  ^'oes  uiuler  the 
general  name  of  "  radio-act  i\ity "'  and 
tiie  suhstances  which  emit  the  ray.s  are 
known    as    "radio-active    suhstanccs." 

The  Thhep:  R.w.'s. — The  rays  emitted 
are  not  all  of  the  same  kind  but  are  com- 
posed of  three  distinct  types,  each  with 
definite    characteristics    of    its    own.     It 


was  thou^'ht  corncnieiit  in  the  lieuiniiin;: 
to  designate  the>e  r.i\  >  li\'  the  lir-t  three 
of  the  (ireek  letters,  and  they  are  there- 
fore known  as  the  (il jthd-rdj/.s,  the  hrta- 
rai/s,  and    the   ii(niiiii(i-r<n/.s. 

'I'm;  Ri/r a-Ra-^  s.  There  is  now  no 
rc;i-nii:ili|c  (Iniil.l  lli;i!  the  ticta-rays 
coii>i-.|  (it  ;i  -Irr.iiii  of  eject  roll-  coming 
out  of  the  -iili-taiici'  like  tiiiJIcj-  from  a 
( iai  ling  gun.  The  mo-t  >urpri>iiig  thing 
about  these  rays  is  the  enormous  \<-locit\' 
of  the  electron-.  Their  -|)eed  i-  aluKtst 
(•(jiial  to  that  of  liuihl,  namely,  one  hun- 
dred eighty->i\  thousand  miles  a  second. 
This  inconcei\able  \clocity  is  measured 
indirectly,  but  by  methods  which  make 
it  almost  certain  that  the  result  is  correct. 
This  speed  enal)Ie.s  the  ray.s  to  j)enetrate 
a  plate  of  metal  as  thick  as  an  ordinary 
book  cox'i'r. 

Tup:  ALruA-RxYs. — Within  the  last 
two  years  it  has  become  practically  cer- 
tain that  these  rays  Cf)nsist  of  a  stream 
of  atovm  oj  the  clement  helium.  Thi.s  i.s 
a  truth  which  could  not  have  been  pre- 
tlicted  by  any  one  when  first  the  ray.s 
were  discovered  and  it  is  very  surprising. 
The  helium  atoms  have  each  a  double 
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j>o-«i(ivr  c'li;iri:c.  1  lii^  iiU';iii-«,  of  (•(Hir--t'. 
a>  will  l>o  remoiiiluMi'd,  lluit  i';uli  ahmi 
has  lo>t  two  oloflrt>n>.  lUc  atoms  of  tlu> 
stream  have  a  voK>city  alxnit  ono-lciith 
that  of  lijiht.  that  is.  tlioy  art'  tra\<'lin.i: 
at  a  sjHxnl  of  about  oiiihtooii  thousand 
miles  |K*r  sef«»ii(l.  This  is  not  nearly  so 
fast  as  the  eh^etrons  in  the  heta-rays.  l)ut 
it  must  he  rememl^ere*!  that  the  atom  of 
In/droijcn  is  two  thousand  times  as  heavy 
as  an  elci-tron  so  that  the  atom  of  helium, 
whose  "atomic  weitrht "'  is  four,  is  ahout 
eiglit  thousand  times  as  hea\y  ;i-  ;in 
electron,  ami  thus,  although  the  luliuiii 
atoms  of  the  alpha-rays  are  movin<r  more 
slowly,  their  energy  is  much  greater  than 
the  lx»ta-ray  particles,  the  electrons, 
l>ecause  of  tlieir  far  greater  mass. 

As  a  matter  of  fact,  this  energy  is  so 
great  that  a  single  '*alj)ha  particle," 
that  is.  a  single  atom  of  helium,  when 
it  strikes  certain  substances,  will  cause 
them  to  phosphoresce  (or  more  properly 
fluoresce)  for  an  instant.  This  enables 
us  actually  to  see  the  effect  due  tf)  the 
impact  of  a  single  atom  and  gives  us  the 
first  case  in  the  history  of  science  where 
any  effect  caused  V)y  one  atom  has  been 
observed. 

The  (ja.mma-Rays. — These  rays  pre- 
sent a  definite  contra-t  to  the  other  two 
just  mentioned  because  they  do  not  ap- 
pear to  consi.st  of  particles  at  all.  Al- 
though we  are  far  surer  of  the  nature 
of  the  alpha-  and  beta-rays  than  we  are 
of  the  gamma-rays,  still  it  is  highly  prob- 
able that  the  latter  consist  of  wave  im- 
puKes  somewhat  similar  to  light  or  X-rays. 

The  connection  between  tlie  beta-rays 
and  the  gamma-rays  is  probalily  similar 
to  that  f>etween  the  Imllet  and  the  s(»und 
in  the  case  of  a  gun.  lioth  the  l)ullet  and 
the  .sound  of  the  exi>losion  travel  away 
from  the  mouth  of  the  gun.  but  the  bullet 
is  a  morififj  ohjeri  while  the  .sound  is  a 
disturbance,  a  wave  impulse,  that  is.  in 
the  air.  In  the  same  way  both  tlie  l)eta- 
rays  anfl  the  gamma-rays  come  out  of  the 
radio-active  suVjstance,  but  the  beta- 
particle  is  a  moving  electron  wliile  the 
gamma-rays  are  pr<^)bably  wave  imi>ulses 
in  the  "ether."  Both  rays,  however, 
like  bullet  and  sound,  are  due  to  the  .same 
cause. 


(  \i  sK  or  I?  \i)i()-A(Ti\  rr-^-.  Il  is  now 
g«MU'r;ill.\  l)t'li('\t'(l  that  llic  cjiusc  of  r.idio- 
acli\"ity  is  none  otlicr  tli;iii  llic  ;iclii;ii 
breaking  up  of  t he  atoms  of  (lie  substance 
radialiiig.  The  radium  aloiii  explodes, 
liki-  a  bomlt.  into  Ihrct"  "pieces"  and  the 
energy  of  the  e\|)losioii  gi\eseach  "j)iece" 
a  high  velocity.  .V  l)eta-i)article  (an 
electron)  is  gi\en  off,  an  alpha-i)article 
(a  helium  atom)  is  given  oil',  an<l  a  new 
(itoiii,  an  atom  lli;il  is  of  a  iicir  cIcincHf, 
is  U'fl    behind. 

We  ha\"e  tlicn,  in  r;idiii-;icti\  ily,  a  case 
of  natural  aiclicniy,  l)iit  sii.cr  il  has  been 
found  impossible  so  far  to  hasten  or  retard 
the  process  artificially,  the  knowledge  of 
radio-activity  would  not  have  helj)ed  the 
old  alchemists  in  their  quest. 

Sicc?:ssivE  Di.surprioxs. —  The  ra- 
dium atom  appears  in  fact  to  be  a  mem- 
ber of  a  chain  of  "explosive  atoms"  for 
the  atom  left  behind  after  the  ex])losion 
is  itself  radio-active,  that  is  if  given  time 
it  will  itself  "exi)lode"  and  give  off  an- 
other helium  atom.  The  chain  has  been 
followed  (till  til  rough  nearly  a  dozen 
elements,  ;ind  p;irt  of  the  chain  is  shown 
in    Fig.    I. 

Not  a  Ciikmical  ("hax(;e. — It  nuist 
be  borne  in  mind  that  the  change  accom- 
panying the  ])rocess  of  radio-activity 
is  not  a  chiniiical  cJunujc.  As  will  be  re- 
membered, it  was  carefully  stated  earlier 
in  these  papers  that  a  chemical  change 
involves  the  regrouping  of  the  atoms  to 
form  new  molecules.  This  does  not 
afleel  the  integrity  of  the  indi\idual 
atoms  but  only  tlieir  relations  lo  tlieir 
neighbors.  In  radio-act  i\ily,  on  Ihe 
other  hand,  we  ha\e  changes  which  in- 
volve Ihe  (ictual  dismption  of  an  atom. 

Ixtei<-.\t<)Mu    H.\ei{(;y 

\\'lieii  coal  is  Imrned  we  get  energy 
from  the  attraction  existing  between  the 
atoms  of  carbon  fcoal)  and  the  oxygen 
atoms  of  the  air,  and  in  general  it  should 
be  evident  that  whenever  there  are  strong 
attractions  or  rei)ulsions  between  dif- 
ferent atoms,  there  is  a  possibility  of 
fjbtaining  energy  by  allowing  these  forces 
to  act.  The  energy  de\-eloi)ed  in  radio- 
activity is  therefore  similar  to  the  "heat 
energy  of  coal"  in  one  respect,  but  (juite 
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Diap-nm  rc-prcM-ntinp  .synil»<>lic-nlly  tin-  tninsfDrnialion  (if  part  <»f  the  radiiiin  <liain  <if  ••Ifinriits.  Tlic 
fir.ot  circli-  rijirrscnts  a  radium  atom  wlii»li  when  if  "<x|)I(mIcs"  throws  (ifF  an  atitiu  <»f  lu-liuni  and  wlial 
ri-niain>  Ixcoints  an  alum  of  anntliiT  rlt-miiil  callid,  fi>r  want  of  a  Iwtlcr  namr,  "ra<lium  ••nianation." 
Tills  ppMfss  is  repeated  tliroii^'li  tlie  eliain.  "Itadiiini  A,  "  etc,  fulluwinn. 

The  times  indicated  hehiw  the  circles  pve  an  idea  of  what  mi^ht  he  called  the  "explosion  fre(|iiency." 
Thns  in  the  case  of  the  atoms  of  radium,  tli<'  ral<'  is  such  that  aliout  half  of  ail  thi-  at<ims  corresponding 
to  any  pie<e  of  radium  would  lie  transformed  in  ;£,()(>()  years.  In  the  ease  of  the  next  element,  the  tin»e 
for  half  to  lie  transformed  is  only  aliout  four  days.  This  time  may  lie  called  the  "life  of  the  element"  in 
each  <ase.     It  is  now  .>u|ipo>ed  that  the  well-known  common  eIement•^  are  -.imply  thoM-  with  very  lon^;  "lives." 


(listiiut  in  aiKilluT  r<'>|»c(f.  Tlic  r;nii<i- 
jiftivo  i'iKT},'y  (Iocs  lia\c  its  (iri^'iii  in  llic 
forces  actinj;  within  tlir  sni)slancr,  Kut 
they  arc  not  the  forces  acting  hiiirmi  llic 
atoms,  a^  i^  the  case  with  all  ch<'niical 
cncriry,  luil  rather  the  forc-cs  actini,' 
i/'illiin  the  aloiii,  the  >o-calle(i  "intir- 
atoniir  forces.  "  Wv  can  therefore  say  in 
one  statement  that  all  the  enerj^y  now 
ma<le  use  of  in  the  world,  all  the  eneriry 
<iiie  to  chemical  action  anil  the  Imrning 
of  fuel,  is  of  the  extra-atomic  variet\' 
while  the  ener^'  of  radio-activity  is  some- 
thinj:  (piite  new  to  us,  since  it  comes  out 
of  the  atom,  so  to  si)eak,  and  !>  thcreftire 
intrr-atomic  ener^'. 

KnoHMOI  S         QlANTITY         <)1  InTKK- 

Atomk  Knekcy. — One  of  the  most  rc- 
markal)le  facts  alxmt  these  //j/cr-aloinic 
forces  is  tiieir  enormou.>5  size  compared 
with  tiie  rj7ra-atomic  forces  of  chemical 
action.  The  slowness  of  the  radio-active 
changes  tends  to  conceal  this  fact,  hut 
it  is  nevertheless  true. 

The  enerjiy  given  off  liy  radium  ulti- 
matelv   becomes  heat   and   tliis  heat    has 


lieeii  directly  ineasureil  a  niiinlier  of 
time^.  Since  the  ra<lium  woidtl  only  he 
half  gone  ill  t\\<i  thousand  years,  a  simple 
calculation  shows  that  the  total  rntrfHf 
(jlrcn  h]i  a  (jivcn  amount  of  rad'umi  diid  its 
products  (luriu(i  transformation  is  about  a 
(/uartrr  of  a  million  times  the  enenjif  to  he 
ohtained  hj/  hurniiKj  an  ef/ual  u-cii/lit  nf  roal. 
To  make  this  statement  a  little  more 
\i\iil,  the  fact  might  he  noted  that  the 
S.  S.  Mauretania  hums  something  les.s 
than  li\e  tlioii^aiid  tons  of  coal  during 
one  ocean  i)as.s;igc,  and  from  the  ahove 
figures  this  would  Ik*  equivalent  to  four 
jiounds  of  radium  and  its  products. 

TiiK  Radio-Activk   Klkmk.nts 

It  mu^t  he  mentioncfl  here  that  there 
is  nothing  rcmarkal)le  ahout  the  radi«)- 
acti\-e  elements  ercejit  their  radio-actiriti/. 
In  other  respects  th<'y  resemble  closely 
the  well-known  elements.  For  example, 
referring  to  Fig.  1,  radium  itself  belong.s 
to  the  same  chemical  family  as  barium 
and  behaves  chemically  almost  exactly 
like  barium.    Tlie  next  element,  the  atom.s 
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o(  wliirh  Arc  formnl  IriMii  I  lie  ■"wiH-ck- 
airo"  i>f  the  railiuin  ntoiii.  >*)  to  spoak,  is 
a  iias,  i-alKnl  "radium  nnaiiatiou."  and 
rosomhlos  tlio  jras  ar.uon.  which  is  (uu> 
constituoiit  of  tho  alinosi)hri<\  The 
next  eloinont.  "radium  A"  so  calK'd.  is 
a  solid  sulistaiu'o. 

The  afomir  woiiiht  of  raiiium  is 
al>out  -i-iU.  that  of  "radium  (Muanatiou" 
is  al>out  "i'2^2.  and  that  of  '"ratnum  A" 
al»out  ':?1S.  Thoso  mimhors  arc  in  har- 
mony with  tho  fact  that  tho  alj)ha-i)art i- 
clo  (tlio  hcHum  atom)  wliicli  oonu^s  oil'  at 
each  explosion  has  an  atomic  wci.^ht  of 
4,  so  that  each  of  the  ahove  elements  has 
a  weisiht  of  4  less  than  the  element  from 
which  it  si>run£r.  The  first  three  elements 
of  the  chain  in  Fig.  1  do  not,  as  it  hapi)ens, 
give  otf  heta-rays,  but  the  change  in 
weight,  due  to  an  electron  lost,  would 
not  sensil)ly  change  the  atomic  weight. 

Ahf:  all  the  Elf:men"ts  Radio-Active? 

There  is  considerable  reason  to  be- 
lieve, although  as  yet  no  absolute  proof, 
that  all  elements  are  decomposing  in  the 
same  way,  or  in  other  words,  that  radio- 
activity is  a  universal  property  of  all 
matter.  This  means,  of  course,  that  in 
the  case  of  the  well-known  "|)ermanent" 
elements  the  process  is  so  slow  as  not  to 
be  noticeable.  Already  potassium  has 
.shown  signs  of  being  radio-active  and  as 
methods  of  measurement  l)ecomc  gradu- 
ally more  delicate,  it  is  probable  that  more 
elements  will  show  their  acti\ity. 

Evolution'  of   the  Elements 

The  probability  that  all  elements  are 
to  some  degree  radio-active  has  led  to  the 
general  conception  of  what  is  c.alle<i  the 
"evrjVution  of  the  elements."  According 
to  this  idea  there  is  a  slow  forming  of  the 
lighter  elements  through  the  disinte- 
gration of  the  heavier  ones.  The  well- 
known  elements  of  our  acquaintance  are 
to  be  considered  as  merely  those  whose 
average  "life"  is  so  great  as  to  be,  from 
a  human  point  of  view,  permanent.  If 
this  concept  be  a  true  one,  if  the  atoms 
of  any  element  are  descendants,  as  it 
were,  of  the  atoms  of  heavier  elements, 
then  it  Ls  not  difficult  to  .see  in  a  general 
wav   whv   all    the   remarkable   relations 


shduld  c\is|    lictwccu   Ihc  cicinciils  winch 
ha\.'  long  hccn  known. 

One  t)l)jccti()n  which  has  been  raised 
to  tliis  \  icw  is  tli.il.  did  such  e\()lution 
exist,  il  nnisj  li;i\c  c(»niplcted  itself  years 
ago  so  that  only  the  lighter  elements 
should  now  exist.  riiere  are.  however, 
some  laint  indications  that  under 
coiidilioiis  greatly  differing  from  terres- 
trial, conditions  which  exist  in  the 
hotter  stars,  the  ])r()cess  may  be  going 
the  other  way,  may  be  going  in  a  direc- 
tion, that  is.  which  involves  the  l)uilding 
nj)  of  the  heavier  elements  out  of  the 
lighter  ones.  To  go  further  than  this 
one  remark,  however,  would  lead  too  far 
into  sj)eculation. 

Atomic  Structure 

Although  the  study  of  radio-activity 
has  o])ened  the  door  into  the  knowledge 
of  inter-atomic  |)h(Miomena  wide  enough 
to  see  the  enormous  energy  contained 
within  the  atom,  it  has  not  opened  it 
wide  enough  as  yet  to  give  us  any  definite 
idea  of  the  details  of  atomic  structure. 

One  or  two  very  general  remarks  can, 
however,  be  made.  In  the  first  })lace, 
electricity  j)la>s  an  im|)ortant  })art  as  a 
building  material  for  atoms  and  the  inter- 
atomic forces  must  be  largely  electrical, 
imist  be  largely,  that  is,  the  same  kind  of 
force  that  j)ulls  bits  of  paper  to  a  comb. 
Whether  all  inter-atomic  force  is  of  this 
nature  is  a  question  which  cannot  now 
be  answered. 

Secondly,  wc  can  say  willioul  much 
chance  of  ultimate  contradiction  that  the 
atom  is  a  very  "ojK'n  work"  kind  of  an 
affair,  very  nmch  more  "porous"  in 
other  words  than  the  ai)i)earance  of  the 
vast  aggregates  of  atoms  which  we  know  as 
"bodies,"  wf)uld  lead  us  to  believe.  It 
was  stated  further  back  that  .some  of  the 
beta-i)articles  (electrons)  from  radium, 
traveling  with  nearly  the  \elocity  of 
light,  go  straight  through  a  i)iece  of  metal 
as  thick  as  the  average  book  cover,  and 
it  needs  but  a  very  short  calculation  to 
show  that  this  means  that  the  electron 
jjenct rates  more  than  a  million  atoms  one 
after  the  other.-  It  must  be  rememl)ered 
that  in  a  solid  substance  the  atoms  are 
quite  near  together  .so  that  such  a  flying 
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flcclroti   li;is   IK*  clwiiicc  of   lrav»'liii^'  «mi-  disccA ny   of  ^o-cillctl   "Iii|iii(|  <Ty>l;ils.  " 

tircly  iit  \\ir  sjnnf  hthirtn  llir  dtoiiis  iUir-  tli;il     i^    ^iii;ill    p.irl  iilt-s    of    IkjiihI    wliicli 

iii^'  its  wliolr  passa^io  tliroii^'li  tlir  metal.  lia\r     an     or«|irl\      iiiol«'<-iilar     slrurliin'. 

If  the  atom   is   iiiadr  ii|)  aliMo>.t    ciilirrly  icmlci-    il     |irol)al»lf    I  hat    tlirn-    is    soim* 

of  ficctroiis.  tlicii  it    i-s  «'as\- to  >liou   that.  otht-r  <aii^<-   which    hrlps   to   make  a   <lif- 

oii  the  a\«Ta;^'c.  the  «'lr(lroiis  inilst    he  a^  fniiicr   licluccii    I  he   two   statf>>. 

far  a|>ai't  coiiiparcil  wit  h  t  heir  ^i/c  as  tin-  •,'.    Is    ihriv   a    jutsilnr   ch-clroii    similar 

plaiifis  ill  Ihf  sniar  system.     This  srciiis  |,,    Hn'    iii';iati\<-    one?      We    iiaxc   as   _\Tt 

alisohilrly  ahsiiril,  liiit  il  iiiiist  Ix-  rciiicm-  lucii  iin.ildc  to  ^'rl  I  he  slightest  ";^liiiip>><'" 

Itrrcij  llial  oiir  ffcliiiu;  of  al)siinlily  comes  of   il    .umI   prolial)ly   il    docs  not   exisi    liiil 

from  (iiir  almost    imcoiit  rolhiMc  tcndfiK'y  |  he  strurhin-  of  the  "  posit  i\(' elect  ricil  y.  " 

to   eoiiipaci'    c\cr>lhiiii:    we    le.ini    to    the  wliieh    ue   kiiou    iini-l    lie   III    the  atom,   is 

thing's  wt>  sec  and   lii-ar  in  c\t'r_\day   life.  as    yet    a    com|»letely    iiiisoKcd    proMem. 

'I'he    miuhly    dislanccs    of    space,    which  ;).   What     is    the    general    slnietnre    of 

astronomy    compels    i|s    to    contemplate.  t|,e    atom?      Do     negati\<'    electrons     to- 

ar«'    no   more   diliicull     to   coneeixc   than  gelher  with  the  as  yet   nndiscovered  pos- 

are    these    remarkahle    attrihiites    of    the  it  i\  e  ones,  iiiak<- up  t  he  w  hole  of  t  hi- atom, 

minute     ultimales     whiih     we     know     as  ,,r  is  there  some  (tllier  kind  of  structure 

aloliis.  as    yet     uujiUcsscd  ? 

,,                                                ,,  I-.    What     causes     the     "explosion"     of 

I  he  atom   wliicli    we  arc  hound   to  l»elie\e 

Il  was  said  in  the  xcry  liegiiinint:  ol  these  o<(iiis    in    ladio-act  i\ity  ?       Wh.\'.     when 

papers  that  t  he  i-'<'i""i"i>l  lii^l"'">'  "'  I»l'.^'^'*"^  an   ;iloiii    has   |)reser\"erl    its  inte;.'ril\    for 

would  lead  Us  to  l)elie\-e  that   ihemoileni  tens,    himiireds    or    thousands    of    years, 

ideas  here  set   forth,  were  prol>al)ly  riudil  should    it    siiddenl.x".    in    a    liillionth    (tf   a 

as  far  as  tlie\-  weiil .  althoiiu'h   lliey  would  second,  "cxijlodc"  and  ll\'  apart  f(»rmin^' 

surely       appear      inadecpialc      lo     future  two  new    atoms;'      Is   tlicri-  some  type  of 

critics.      No  one  appreciates   their  inadc-  intrinsic   iiistaliility     whiih     dev<'lops,   or 

(piaey  more  than    the  researcher    himself.  docs  some  outside  caiisc  [mil  the  tri^i^er, 

for  on  all  sides  of  him   he  sees  i|iie\|)ec|ed  >(>  Jo  .speak? 

an<l  halllin;,'  phenomena  whose  cause  he  .5.  Shall  wc  ever  he  alih-  artificially  to 
cannot  now  e\-en  u'uess  at.  The  '"cock  hasten  this  hreaking  up  of  atoms  and  so 
sureness"  often  attriKiilcd  to  scientific  set  free  t  he  enormous  (|uant  il  ics  of  "  inler- 
men  is  sometimes  found  in  the  works  atomic  energ.\' "  which  has  hccii  show  11 
of  |)i(]>iilar  writers,  Iml  \cr.\  seldom,  in-  |o  exist  in  some  siilistances  .md  [»rolialtl>' 
di'»'d,  amoUL.'  the  sciciit  ilic  workers  them-  on  the  grounds  which  cannot  here  l»u 
.selves.  set  forth)  cri.st.s  in  ullY  It  is  to  he  re- 
in the  present  articles  a  somewhat  memhered  that  the  estimated  inler- 
final  ton(^  has  been  unavoidable  heeausc  atomic  energy  of  coal  is  more  than  a 
(pialifieations  require  space  and  sufficient  million  times  its  chemical  eiierg.N".  the 
.space  was  not  to  he  hail.      I  should.  h(»w-  cnerg.v   we   now   use.) 

ever,    i)e   leavitig   a    wrong   im|)ression    if  (i.    \\r  have  spoken  of  the  great  proce.s.s 

no  mention  whaiev<T  were  made  of  the  of  atomic  disintegration.     Is  there  going 

questions  and  problems  which  lie  before  on  anywhere  in   natur<'  the  reverse  jiroc- 

us  and  whicli  never  allow  us  to  forget  the  ess,  the  buihling  up  of  he.ivy  atoms  out 

extraordinary  complexity  of  nature.   Sudi  of  liglit  f)nes,  and  if  so.  wliere  does  the 

mention,    however,    must    he    very    l)rief  vast  (plant it.v  of  energ.v  come  from  that 

ami    confined    largely    to    the    question  must    obviousl.v    be   put    in   during   such 

form.  building  up.  since  it  comes  out  fluring  the 

1.   Is   the   ditTerence   between    a    licpiid  l)reaking    dctwn?     We    have    spoken     of 

and  solid  substance  soleh/  a  (piestion  of  the  hotter  stars  as  possessing  interesting 

crystalline   structure,   that    is   of  orderly  possibilities  for  research  in  this  direction, 

arrangement  of  the  molecule.s,  or  i.s  there  Much  can  be  told  as  to  their  condition 

some  other  element  which  enters?     The  by  stud.ving  their  light. 


SIR   J.  J.  THOMSON 
The  most  eminent  living  di.seoverer  in  the  domain  of  electricity  anrl  its  nlafinn  lo  uiatter 
[Frrjm  a  painting  in  the  Cavenflish  Laboratory,  Camhridfjc,  Krif,'l;irnll 
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7.    \\  liiit  i<  the  relation  of  llu- lilV  |uii(-  li\iii;i    iMilliorily    on    railio-act  i\  il  \  .    |{i<- 

<•>>   to  aloiiiic  and    molecular    s|  riiel  nrey  (pierel.  jiriil  .\!.;in(|  Mine.  (  iirie. 

'I'wo   faet>   are   to   lie   ininie(li;il«'l.\'    ntiliertl  jl    i^   (lifjieiill    Hot    It)    \\;i\    o\  er-ent  Ini^i- 

in  this  eoiineel  ion ;  ln>t,  llial   all  llie  -nl)-  ;i-<li<-    in    wriliriL'    ••!     these    men    .ind     the 

stanee-s  wliieli  earry  on  or  are  elo>ely  as-  many    eo-Udrkeis    wliom    we     Ii.im-     mil 

soeiated  uitli  llie  "life  proci-ss"'  ah-  suli-  iimhI  iotii  d.         \l      llie    lie;.'imiiii;,'    of     the 

stan<'es  with  enormous  nioleiiiles.  ihal    is  Iwcnlidli  nnliiry    t  hey  re|(resfnt   a  ;,'raile 

rnoleeiih's   which   contain   do/eiis   or  c\cn  of  :..;cniiis  not    sinpMs^cd  if  e\  en  etpialeij  in 

hnmlrt'ils    of    atoms,     and     sccoml.     ihal  any  other  domain, 
these    lari;*'    inoh'cnles   are   e\trciiir|\     im- 

slal.le.  that  is.  very  sns,c|.til.|c  o|  .  h.m-.-.  H'm.k-.  I.  re. 

and  are  thiis  easily   niodilied   thi-oiii,li   I  he  The    fon-^iin;.;   arlicjcs    have   of   conrse 

lori'c.s  III   llieir  en\ironment.       1  he  <ia>c-  lieen    iinsal  isfaelor\     in    many    ways    and 

les.s  nu'taniorphosis  which  I  he  Hfi'  process  it    will  he  well  in  cJosinLf  to  name  se\eral 

iiiiplies,    could    not     ljo    on     withoni     this  hooks  in   which   Ihosc  who  are  inl<'resleil 

siMisit  i\"«'nes.s   to  einironnienl .  ma.\' find  informal  ion.     "  The  New  Knowl- 

S.    What    is    the    r»'lation    lielwcen    the  edt:e."        ]{.      K.      |)nncan.      New      ^  ork, 

i'utity  which  we  call  "enerir\  "  and  mat  ler!'  .\.  S.  Uarnes  \:  (  o  .   a  hook  w  ril  ten  in  |;o|»- 

Uadiant  energy  lea \'es  the  snn  ciuht    mill-  iilar    si  \  le    l»iil     coiilainin;,'    no    inisslate- 

iitcs  licfor<' il  reaclnvs  I  he  carl  h  ami  diiritiLr       ineiits.    \'ciy  "readahle. I'hc  I'Jectroii 

t  his  t  iine  il  exist  s  in  a  lolally  iliscnihodieil  Theory.""    Iv    iv    l-"onrniei-   (r.Mhe.    Koiij;- 

slate.   that    is.   (piite   independent    of   mat-  iiiaiis,    (ireene    and    (  o.        .\|so     popular, 

ler.      1  n  1,'eneral  w  e  liiiil  eneri.'\'  assoeialc(|  l.i^t  of  refcieiiccs  in   hack.      "  I'ilecl  roiis. "' 

with    nialter   hut    e\fn    then,    some  of   its  Sir  Oliver  l-oi|;.;e.  Loinloii,  (ieor;ie  liell   ^: 

pro|>.'rties  arc  singularly  similar  to  those  Sons,  New   ^'ork.       The  Ma<inillan  ( "o. 

of  iiier;iy  in  its  radiant  hniii.  The  hooks  are  named   in   the  order  of 

is  radiant  ener^'y  reall.\  eiieru.v  of  mo-  iiicreasinu  ■'difliciilty  "' if  any  of  t  hem  ma.v 
lion  in  some  mediiim.  the  ether,  or  is  it  he  called  ditliciilt  at  all.  The  ^'r<'at  w<irk 
an  entirely  independeiil  eiilily  which  of  a  far  more  advanced  iialnre  is.  "('oil- 
can   exist    111    empty    space?  diiclioii    of    Mlccl  rieit  y    ihroiiLih    (iascs." 

We    miiihl    ^o    on    almost     inilelinitel\'  .1.    .1.     riionison,      ('amhridiic.      I'liiL'land. 

with    (jiicslions    like    these    iml     the    h'w  I  ni\('rsit\'   I'res.s. 
.su^j^esl  ioijs     here     uiNeii     iniist      snilii-e. 

Tin;  I)i..(.vKin;i<>  -IIJld-T    l:All.\\.\^     .\((II)1.M- 

Th<-     men     who     ha\<-     advanced     onr  '  '"    statistics   of   sheel    railways  sh<iw 

knouledire  of  the  coiisliliilion  of   mailer  '''■''   there  is  a  lar>.'e  increase  in    the  niiin- 

have,  of  coiir.se,  heeii  of  every  nal  ionalil.\  .  '"'■  "'"  .••'■<'i«l''iil>  wIk-ii   hox   cars  are  taken 

hut   if   one  injiu'.s  name  slK.iild    he   meii-  olf  and  o|M-n  ears  put  into  .s-rvicc.      Wlnre 

tiouod    more   than   any   other   in   coiinec-  a  careful    record  is  ke|)t  of  all  accidi-nts.  ;i 

tion    with    modern    ideas   n-speetinir  elec-  warm  day  in  .-arly  sprinu'.  when  o|)en  cars 

tricily    and     matter,    it     should     without  liav<'  heen  run.  can   !«•  picked  out  simply 

doiihl  he  lh<-  name  of   Sir  .1.   -J.  Thomson  '-.v    ih.-   lar^'ely  increased  nuinher  of  aeei- 

of      ('ainhridi,'e       rniversily.       Kimlaiid.  <l<'iits.     One  of  the  jipcal  advantaj.'es  of  f  he 

Thomson  and  the  uroup  of  men  of   whom  I)ay-as-you-eiiter  ear  is  that    the   uuiuIht 

he  is  the  loader    have  lieeii    niakiim  one  <>'"   Jif<idents     i>    very     larf^ely    decreased 

discovery   after  another    for    more   than  owintr   to   the    constant    presence   on    the 

two  decades  and   the  (.'avendish   I.ahor-  platform  of  I  In- conductor.           i>.  K.  M. 
atorv  is  now  uufjUesfionaMy  the  yreatcst 

world  center  of  i)h.vsical   research.  In  the  March  numher  we  stated  that  an 

Amonu   the  many   other   names  which  error  of  a  . second  in  t ime  corresjK)nded  to 

could  he   mentioned   are   those  of  Ruth-  an  error  of  two  and  a   half  miles  in  the 

erford.     one    of     J.    J.     Thomson's    first  position  of  the  ship.    It  should  have  Ijcen 

students  and  uncjuestionahly  the  greatest  one-quarter  of  a  nautical  milt'. 


Messier  51.  in  the  constellation  of  Canes  Venatici,  photograplied  by  \{\Uh<-y  with  thr;  sixty-inrh  reflector, 
April  7-8,  1910.  Expo-sure,  10)^  hours.  About  .5WJ  nebulous  stars  are  shown  in  the  eonvohitions  of  this  nebula 
•^ this  Ls  a  longer  exposure  than  the  one  .shown  in  the  .\strophysical  Journal  illustrationj.  This  is  the  celebrated 
"Whirlpool  XebuJa"  of  I>jrd  Rosse,  discovered  by  him  visually  (to  \)C  a  sijiralj  about  sixty  years  ago,  and  the 
first  spiral  nebula  to  be  discovered. 


MAKX'KLS   i)V   TIIK  (JKKAI'    IKLKSColM^ 

rijoi  i;--()i:   (.  i;(M{(.i;    w  i;i  m  ii  i  ^     i  ii.i-    i  iii-; 

.-(»(  ii.n  oi-  AIMS  AHoi  r  Tin;  dn  i\(  ii  i;i.i  i.i;(  loij 

(>\  Ml    \\ii.-(>\   WD  ^ii;>\\-  \\(»\i)i;i{i  I  I    \(iiii;\i:- 

Mi:\  I-  i\  (  i:i,i>ri  \i.  nio'Kx.i:  \i'in 

Till-;   iiii'iiil)fr^  (il    llif   Soiiftx    nl   Arl^  tcli-Ncoiic  n||()\\c<|   uji.il    iii.ir\cU  fniiM  In- 

:iu<l  tJM'ir  iii\il('(l  mi«->l>  li:i<l  a  wniidrriiil  .•icforiipiislinl.       lie    Ihcn  l»c;:aii   willi   llic 

treat  at   llic  (i7(illi  iih-cI  in;/ of  I  lie  So<icly,  <()Iin|  iihI  ion  nl'  riiirtnrs.    liiiisliin^  our  <»!' 

Friday.   March    JL    in    llic   |)i<t  iiic-s   |iic-  t  ud  Icct  (li.innlrr  li.r  I  lie  ^'^•^k(•«^  (>l)srr\a- 

scnfrd  Ity  (it-or::*'  NN  .  Rilciiry,  \\  lio  spokr  Imy  uliidi  ua-<  a  nxcjation  in  llir  clcar- 

<>l"   inodiin    |ilinto;/ra|)liic   work    witli    llic  nc^^   of   iu    work.      IIi-    llicn   conslrnclcd 

tt'U'scopc,     and      in      parti<-idar     of      IJial  tlic    li\c-l'oi)l     mirror     for      Mt.     ^^ii•^on. 

at       Mt.       Wilson       uilli       tlic       (iO-iiidi  and   lias  in   hand  a   hiindrcij   incji   lor  llic 

reflector.     It  was  t  lu*  procnial  ion  for  the  >anic    institution.      "I'Voni    the   fact    that 

tirsi    lime    in    this    city    of    some    of    the  I  he  o|)lician    nnisl    wail   at    times  for  the 

most   striking;  productions  of  the  camera  manufacturer."    s.nd    I'rofesvof   (  ross.    in 

ol    the    ast rophy.sjei.sl.s.    and    only    a    few  closing.',  "we  ,iic  mdelited  for  the  presence 

of   his   auilitors   were   aware    that    it    was  of  rrofe-.^,,!-  Kitcjicy  loniL'iil." 

the    speaker    liJliiself    who    hail  ;,Mt  licred,  In     hcLiimiin^'     his     ad<lrcss     Professor 

ada|>te<l     an<i     invented,     and     that     the  Kitchev     noted    thai     the    suKjccI    of    the 

mecliaiiical     work     and      nnich     of     the  pJi(»to;,'ra|)hy  of   the   li<-a\<'ns  isso\as|  a 

<'hemical,    makin;/    such    results  possiMe,  one  that  he  could  discuss  hut  two  or  three 

was    for    the    t,'r«'atcr    part,    of    iiis    own  phases  of  it.      Thisr  weie  the  coniinL'  of 

<levisiii^   and    carri«'d    out    with    his    own  the    reflecting;    telescope    to    its  own.    its 

hands.     The  introduction  of  the  speaker  sU|)eriorily    and    s(»nn-    of    its    residts    in 

l)y      Prof.     Charles      \{.    (ross,     head     of  the      photo^'raphx'      of      L'loliuiar      stars, 

the    ilepartment     of    |»livsics.     M.     |,    '|  .,  chisjer^   and    nehukc.      He  noted  that    the 

who  presided  in  the  |)lace  of  Doctor. Mac-  sauK-   kind  of  ra|)id   and   scnsiti\c  plates 

laurin.    was   an   ejjitome   of   the   story   of  are  nse<l   to  catch   the  stars   and    nehulse 

astronomical  photo<ira|)h\'.     The  speaker  as  for  instantaneous  work  of  tin-  ordinarx' 

called  at  tent  ion  to  the  fact  that  it  was  at  kind;      hut     the    exposures     lor    celestial 

Harvard    ("olleLCe    ol)s«T\"atory     that     the  ohject  s  are  not   t  he  tent  hs  or  Imndrcdt  lis 

first    celestial    |)hoto<iraphs    wen-    taken.  <)f   seconds   iiscd    in    portraiture   or   laiid- 

This  was  l»y  liond  .some  time  in  the  fifties,  scape.    Imt    cxteiirl    o\  cr    hours,    or   e\cn 

l)Mt    the   cumhersome   wet    plate   nn'thod  days,      l-'or   the   latter,   of  course   it    may 

was      im|)ract  icaltle.        Touchinir     on      the  l>e   iieces^ar\'   to   take   the  |)lale  out    of  the 

work   of   Rutherford   and    Draper   in   the  |e|esco|)r    and    return    il    then'    on    some 

interim,  the  story  came  a^ain  to  the  saiiio  sul>se(|iient  occasion,  perhaps  days  after- 

ohservatory.    where,    with    the   advent    of  uanU.    anri   yet    replace   it    .so  accurately 

the  dry  plate  tiie  work  was  re\ived.  and  that    the    slar   disks    in    tlu*    new   .setting 

the   advantaj^es   of   |)hotoi:ra|)hy   api>li<-(l  will  he  absolutely  in  tin*  same  spots  as  in 

to  astronomy.       .Vhroad.  in  the  hands  of  the    old.       lie    outlined    the    mechanism 

Roberts    and     others,     much    adniirahlo  wherehy  the  telescojx'  is  mad*-  to  follow 

work  had  been  done,  hut  of  recent  years  the   stars    in    their   paths,   and    explaine<| 

the  great  institutions  of  J.,ick,  Lowell  and  the    most     modern     refinements    of    the 

\erkes  have  luMMi  leadinir  the  world  in  this  controilinu  clock,  which  is  set   in  a  room 

art.  of  even  temperature  l)eneatli  the  ground. 

Prominent   among  the    workers    de\-el-  air-proof   and    flust-proof.    cf)nveying    its 

oped    hy    the    new    science    is    Professor  impulses,     that     measure     the     time     to 

Ritchey,    who    applieil    the    color    screen  within   a   hundredth   of  a   second   a   day. 

to  large  work  and  with  the  great  Yerkcs  to   the   dri\  ing  machinery  of  the  inistru- 


Oreat  .\<-l*iila  in  Anflrorriffla.  |)lii)l<>}.'ra|)lii-(l  liy  Hilcficy  wild  ilic  t\\<rity-foiir-:nf|i  n-ficctor,  '^'crkcs  Ohscrva- 
tor>-.  Sf-ptemJxT  18.  V.X)].  ExyxjMirc,  41^  hours.  Tfi<-  sixty-inffi  reflector  i)liol<»«ra[ilis  sliow  tlial  the  dark 
spiral  rifts  cxU-n']  all  the  way  in  the  wntral  nucleus,  and  that  the  larger  rifts  an-  most  remarkahly  similar  in 
their  appearanco.  and  in  their  fK-culiar  curdled,  flocvulent  structure,  to  the  dark  rifts  which  Professor  Baniiinl 
has  photographed  in  the  Milky  Way. 
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Mill    Ipiiildin^'-  ;iMi|   ilmni-  for   tin-  (iU-iii.li   r<- 


nicnf  ifsclf.  So  (Icliciitc  i^  llii--  <(int?'(il 
and  -><>  well  rcLrnlaliMl  is  llic  iiKiNtincnl 
of  tlic  t('lrsco|)c  that  if  i-'  iiKirr  acciii;!  t  c 
than  tlu-  a|)|)an'iil  motion-,  nt  the  ..tar-. 
tluMiisclvrs.  These  are  affected  l>.\ 
refraction  wliicli  varic-;  with  the  altitude 
above  the  horizon,  and  -^nperinipoxMl  on 
the  refraction  are  llie  ine(|naHlies  of  the 
at nio>|)here.  >o  that  there  are  always 
tremors  in  the  air  that  it  is  im|>ossil)Ie 
to  avoid.  "'I'he  huht  of  the  >tar.'"  saiil 
tlie  si>eaker.  "comes  for  a  hundred  or  a 
thousand  vears  unharmed  throu^'h  >|)aci', 
hut  in  tlie  hist  hundredtli  of  a  second  of 
its  flight,  it  suffers  ^reat  injury."  So 
lon;^'  as  atmospheric  ine(jualities  are 
minute  in  their  (nsturl)in^  influence  it 
is  j)ossihle  for  the  astronomer  to  ovi-rcome 
them.  This  is  done  l>y  haviuf,'  the 
oh.server  at  the  telesco|>e  watch  continu- 
ally some  star,  and  l)y  keepin<:  it  true  to 
certain  wires  in  his  field  of  view,  maintain 


the  photo;:ra|)liic  plate  in  ahsolulely  the 
same  relalion  to  llie  stars  that  lie  is 
eatehin^f.  The  star  that  the  ohserver 
watches  is  one  a  little  aside  from  t  Ih' 
|)ln)toL:rai)liie  field,  and  li\'  nn-aus  of  a 
(jonlile  motion  plate  carrier,  \<Ty  delicate 
in  its  adjustments,  the  eorrecfions  can 
Ite  made  that  will  keep  the  slaps  in  their 
|)roper  places.  'I'he  perfection  of  the 
process  really  depen<ls  u|)on  this  <leli<a<-y 
of  correction,  which  was  not  possihlc 
with  the  older  methods,  since  these 
in\()l\cil  mo\in;i  the  whole  telescope. 
How  i)erfectly  the  astrf)nomer  can  now 
work  hy  exj)ert  manii)ulation  of  the 
adjust iiifi  screws,  was  shown  l)y  many 
wonderfully  clear  views  with  shaq)ly- 
dehned  round  star  points,  which  at  the 
same  time  were  the  result  of  hours  of 
exposure.  With  such  a  methofl  of  setting? 
the  plate,  the  exposure  may  be  continued 
over  a  iiumlxT  of  niirhts.  the  f)late  hohler 


The  '"Owr*  Nebula,  Messier  97,  in  Ursa  Majrir,  photof^raphed  by  Ritchey  with  the  sixty-inch  reflector, 
Februan.-  9,  1910.  Exposure,  4  hours.  One  of  the  finest  examples  in  the  heavens  of  a  "planetary"  or  "globu- 
lar" nebula,  with  an  exactly  central  star. 
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<><l-iii<li   rfflrrtiir   iMiiiintiti):   in   ilmii' 


Ix'iiijZ  Inkcii  out  .111(1  kept  in  <-i  litrlil -pronf 
l)l;ic('  till  xtiiic  ot licr  f;i\(ir;il)l<'  iiiirlil  L'i\<'> 
tiu'  ()p|)nrl  Miiil.N'   to  cxpox'   it   ;i;:iiin. 

So  wi'll  li;is  the  iiiattcr  of  rcinox.ii  ;iml 
replaccnuMil  of  the  platc-lioMrr  in  tin- 
telescope  heeii  \vorke<|  out  that  it  i^  imu 
customary  to  examine  it  ami  il^  atlaili- 
ments  hy  takin;:  tliem  away  from  the 
telescope,  perlia|)s  a  <lo/.en  times  a  ni^lit 
at  Mt.  Wilson,  in  onler  to  see  that  there 
has  l)een  no  chanire  of  contlitions  likely 
to  atlect  the  eleariM's>  of  the  imap's.  In 
this  work  a  test  ha>>  l)een  »levise(l  whereliy 
the  place  of  the  focal  plane  of  the  images 
may  l)e  determined  to  within  on*'  thou- 
sandth of  an  inch. 

The  speaker  then  ^'ave  in  detail  the 
history  of  the  different  methods  of  keeping 
the  stars  always  in  the  same  spots  on  the 
plate.  He  noted  the  European  custom 
of  moviui:  the  telescoj)e  itself,  and 
showed    that    it    is   ol)viously    impossible 


to  ma  n  i|  )ula  t  e  >u<h  enormous  in>l  rumen  Is 
as  those  ,it  Lick  or  ^  crkcs  in  any  su<-h 
(jejic.ile  way,  sin<e  the  c<»rrecti(»ns  may 
need  to  he  as  numerous  e\'en  as  t<'n  per 
second.  I'Ik'  successful  <levice,  a  |)late- 
holder  mo\al)le  in  two  directions,  was 
iiixcnieil  l>\'  Doctor  Couunon.  the  Kurdish 
astronomer,  hut  was  ne\«T  used  hy  him. 
It  has  heen  perfected  liy  I*r(»fess(»r 
Hitchev.  and  is  now  the  st;indar<l  mech- 
anism for  deli<ate  |)hot«i^'raphy  of  the 
st.irs.  It,  of  course,  is  to  l>e  HMflcrstoofl. 
that  when  tin-  conditions  of  th*'  atmos- 
phere an-  siich  that  corrections  (»f  siieh 
«leli<acy  cannot  offset  the  inequalities 
of  the  :iir,  it  is  usele.ss  to  atteiu|)l  pliotoj,'- 
rapliy. 

The  lecturer  fold  very  ^'rai)hically  f In- 
st ory  of  the  stru^j.'h'  l)etween  the  refractor 
and  tin-  reflector;  the  last  of  which, 
within  the  last  fifteen  years  has  come  to 
supplant  the  former  for  the  most  delicate 


Spiral  Nebula,  M^sier  SI,  in  the  constellation  of  Crsa  Major,  pliotograplicd  hv  Kitflirv  with  llic  sixtv-infh 
reflector.  Mt.  Wilvjn  Obsenatory,  PVbniary  .5,  1910.  ExpoMjre.  V4  liours.  The  <lark  rifts  aF.out  the  renter  "of  thi.s 
nebula  are  renvifkably  like  those  in  the  Tireat  Nebula  in  .\nflromefla.  .\.s  in  the  case  of  all  the  spirals  which 
Profe»or  Ritchey  ha,s  photographed  with  the  sixty-inch,  the  convolutions  of  this  nebula  are  shown  to  be  con- 
densing into  soft  nebulou.s  stars;  over  4.3')  of  these  are  to  be  counted  in  this  photografjli. 
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Doul)lr->liili'  |)l;it<'  ciirriiT  in   |iriii<'i|>al   fii<ii>  i.f  (Kl-incli   ri'llcdor 


|>lin|M;,fr;i|»liy.         TIlc     rc;i->(ili^     for     tlll>    ;i|(' 

tliat  tlic  mirrnr  lniii;.'>  the  illiiniiiijit  in;,' 
rays  and  llic  clicmical  rays  fo  the  s.iimc 
focus,  and  iicccU  no  •-ihIi  correct  in;j 
device  as  (lie  refractor.  In  I  lie  second 
place,  (lie  enornioMs  los>  of  lii.dit  tliat 
lar;4e  lenses  entail  i^  a\i>ide(|  to  ,1  \cry 
^'real  exlent  when  I  lie  mirror  i-  used. 
In  the  refracting:  lelocopc  of  J.irL'cr 
aperture  tin*  len>es  al)>orl>  iiiikIi  liL'lil, 
since  they  are  very  thick,  and  they 
|)resent  also  four  surfaces,  each  (»f  which 
is  .-ictive  in  dispersing  the  liuht ;  so  that 
the  loss  in  the  larjiest  teIeseo|)e  of  the  day 
may  he  oven  as  liiiili  as  sixty  per  cent, 
of  the  ainuiint  striking  the  surface  of  the 
outer  lens.  It  lias  ionj;  heen  evident  that 
the  limit  nf  practicability  is  not  very 
far  aw;iy  in  the  refract  in;^  tel<vscoj)e, 
lieyond  which  it  will  he  useUvss  to  increase 
it  in  aperture.  This  of  course  is  assumini: 
that  no  radical  improvement  is  <'tfected 
in  the  iilass  or  its  treatment.  On  the 
other  hand,  the  loss  of  liirlit  in  the  reflect- 
ing form  of  telescope  may  he  as  high  a.s 


Icii  per  (fill.,  in  the  snudlcr  iiisl  niincnls. 
hut  does  not  increase  at  all  as  the  mirror 
is  mad<'  larger.  'I'haiiks  to  mod<rii 
ingenuity  the  former  dis;id\  aiitages  (»f 
the  mirror  liaxf  liccii  removed,  and 
e\-eii  ill  iiii-  lari;cs|  si/cs  it  i>  well-nigh 
iiirlis|)cn-ahlc  for  piiolograplix . 

I'rofe.s.sor  Hitchey  for  a  while  discussed 
the  matter  of  sensitive  plates,  cxphiining 
to  the  company  that  the  ra.vs  uf  ditferent 
colors  do  not  focus  in  |)recisely  the  sauH- 
jilaiic.  and  conse(|uent ly  tin*  image  from 
a  niix<'d  light  is  naturally  «-onfused.  This 
led  to  the  story  of  the  ort  hochromat  ic 
screens,  in  which  the  sp<'aker  had  done 
a  remarkal)le  work  in  the  adaptation  of 
tlnMU  to  special  photf)graphic  researches 
in  astrophysics. 

Pctails  of  const  riicl  ion  and  methods  of 
mounting  occupied  a  considerahle  por- 
tion of  the  evening.  Iea«ling  very  naturally 
to  the  difficulties  o{  installation.  wlii<ji 
had  parti<ular  reference  to  the  estahlish- 
ment  of  the  ol)servatory  on  Mt.  \\ilson. 
The  oh.serv  ;itory  w;is  fo  he  on  the  fop  of  a 


■'Crab"  Nebula,  Messier  1,  in  the  constellation  of  Taurus,  photr>;rraphefl  by  Ritehey,  with  the  sixty-inch 
reflector,  OctoVicr  13,  19)0.  Expfwure,  3  hours.  .\  very  small  nebiihi  <.f  rno>t  r<-tn;trl<;iblc  filarncntfuis  character, 
with  hundreds  of  streamers  resembling  antennae. 
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i;n-iiiili   iitirt  Inr   riHiiiiitiiit,'   in   i-n-<t  inu   --li'ii) 

inoimt.-iiii  ill  tlir  u  iMrnicNN,  mid  it  \v;i> 
iU'C('ss;ii\\'  Id  ItiiiM  ;i  roiul  over  uliirh 
the  transj)nrl;iliiiii  of  lirnx  y  |)ifCfN  df 
macliiiicry  cmild  lie  |)()>>il)lt',  «'\('n  willi 
a  ;;ra<l«'  of  ten  per  cent.  In  tills  cohih'c- 
tioii  a  (Icscripl  ion  was  j;iv<Mi  i)f  llir  (>((- 
horse-power  motor  wajion  made  o.spccially 
for  the  piir|)os(>.  A  ;xasoliiic-cnj:iii(- 
driveii  dynamo  fiiriii>li('«l  tli<-  power 
whieli  vsas  divide»|  lielweeii  four  motors, 
one  on  each  wlie«'l.  The  hind  wheels  had 
indepeiuhMit  steeriufi  gear,  so  that  no 
sliarpness  of  turn  was  an  obstacle,  and 
every  diftieulty  in  the  road  was  overeoine 
by  the  independently  moved  wheels. 

As  to  the  lantern  views,  nothing  like 
them  has  hefore  been  shown  in  Boston. 
For   compari>on,    photographs    with    the 


l\\<i-fool  l«'l«"-(()p<'  ;il  I  hr 
^<•^kes  oloerv'aloiy  unc 
■'how  11.  and  others  fn  in  ins(  i- 
hilioiis  aeroNs  the  water. 
Sonic  of  It.irnard's  plates 
were  cxhiliited,  lak<'n  with 
a  si\-iii(h  port  rail  Iciis.  on<- 
of  w  liicli  liy  c^l  iiii.it)'  coii- 
tjiiii--  lifly  lli(iii^;iinl  stars. 
A  pole  --lar  pliiiln:.rr;iph  was 
^Imw  II  III  w  liK'Ji  I  he  canicr.i 
w.i^  al  rest,  and  llic  star 
liaiU  Wire  short  arcs  of  cir- 
clis.  'riiis  ])ictiirc  ga\c  r\  i- 
dciKc  to  the  company,  not 
only  that  tin-  North  star  is 
not  at  the  pole.  Kill  that 
there  are  alioiil  eighty-six 
small  stars.  rcailil_\  to  l»c  plio- 
logra|)licd.  Iictwc«'ii  it  and 
t  he  pole.  .Most  of  the  pie- 
tlircs.  liowcNcr.  were  of 
recent  work  w  it  h  t  he  (itt-iiuli 
telescope       on       Ml  .     \\  ilson. 

i  ■  \     '^       Star  cliislers   that  even  in    a 
I       Y  goo<|-siy,ed    telescope  arc  but 

'  glares  of  light    w<tc  rcsol\c(| 

into  a  iiiN  riad  of  iiidepen<lciit , 
se|)arate  stars.  The  head  of 
Ilalley's  coiiK't  a|)pearc<l  a 
mass  of  u  hat  might  be  called 

LM~\  ■■(  mil  111  peel"  envelopes,  u  iiije 
^gjl^l  llic  iieliii'a-  were  inar\c|s  of 
beauty.  I II  explaining  t  liese 
\iews  j'rol'cssor  1^  i  I  c  li  e  v 
brought  to  not  ice  I  lie  most 
recent  bits  of  information,  lie  showed 
till'  fii/.y..\'  stars  that  are  jiarl  <>f  the 
iicbii'a-.  not  observed  in  an_\'  previous 
work.  rii»-y  are  (|iiile  dillcrent  from 
the  h.ird  round  stars  with  which  every- 
one is  (piitc  familiar,  and  from  their 
appearance  and  o<-casionally  from  rifis 
in  the  nebii!a'  in  which  tlu'y  (u-ciir.  are 
siip|)osed  to  be  unfinished  stars,  sweep- 
ing the  regions  Ihroiigh  which  they  mo\c 
clear  of  star  diist. 

The  sj)eak<'r  showed  many  types  of 
nebnije,  the  splendid  spirals  of  which 
there  are  tens  or  hundreds  f)f  thousands, 
believed  to  he  systems  like  the  solar  system 
in  course  of  evolution,  and  other  nebula? 
whicli  may  be  even  whole  Milky  Ways  of 
stars,  but  at  enormous  distances.     With 


Messier  101,  in  the  constellation  of  Ursa  Major,  photographed  by  Ritchey,  Man  li  10  II,  ]!M0.  KxpoMiro, 
7^2  hours.  One  of  the  most  perfect  in  form  of  al!  the  .spirals.  More  than  l.OOf)  nehiilous  sturs  arc  .shown  in 
the  convolutions,  and  many  of  these  have  accumulated  into  bunches  of  nebulous  stars,  connected  by  nebulosity. 


Science   ( 'oiisix-cf  iin  I  IT 

tin-  iifwrr  iiH'llitxl^  Mild   tin-  \\<^\i\   ^JilluT-  lr;i^l     pn^sililc    r.iii^'i",    llir  ol(si'r\al<»ry    i^ 

iii;4  |)i)Urr  llial    i^  piiNscsscil   l»y   tin-  u'n'.il  luiill      with     ddiililr     side-,     and     a     iiiclal 

ini>d(*i'ii     (flfsco|ic->   it    In   iiDU    |i(i>sili|c   Id  Idol,  over  uliicli  is  a  ((tvcriii;,'  of  caiiNa^. 

Iiolt'  ail>'   r|iali;.'r->.       If    llic    t'li/./y     iirlmla  IIm'    I  r|cs((i|)i-    is    fiirlln'r    prole  -led    Ity    a 

.stars   should    iiio\(',    llic  cliaiiu't'   •>!    jilair  special    lent    of    lilaiikel    slulT      Willi    all 

(•oiild  lie  <leteniiiiied,  while  in  llu-  in-ldila-  these  d«"\  ices  chanties  in  teinpeial  lire  ari- 

themselves,     intersections    in     the     wisps  xcry   nearly  eliininated. 

ot  liirlit  may  now  he  ideiil  ilied  and  chaiiL'cs  Professor    Uilche\'    ya\e    some     iiisi^hl 

there  witiild  lie  seen  and  iiol<'d.     ('haiiL'e  inio  tli«'  plans  for  IIm-  lIMI-incJi  telescope, 

of  a  whole  iieliiila.  liow«'\»'r,  is  iisnali.x    sd  although  llie  ^^rimliii;,'  of  ihr    mirror    has 

slow    as    lo    l)e   ditliciill    of   detection,    and  not    yet    re.illy   lici^iin.      A   disc  of  ;.'lass  of 

the    speaker    explained     to    his    coiii|»aiiy  ncarl\     nine   feel    di.imelcr   and    wei;.'hin;: 

how    diflereiit    portions    of    the    processes  more    than    a    ton    has    lieeii    furnished  liy 

as  shown  l»y  dilVerent   nelmhe  in  the  sky  the     l''rencli     m.innfacl  nrers.     Imt     it     is 

<-oiild   lie   jiiit    toLrethcr   to   make   a    fairl>  doiilitful  whether  it   is  suflicienlly  lioiiio- 

coiiiplele   story.  ^'i-iK'oiis.    Some    <'.\periment s     are     ;:oiii^ 

One   of    the    most    interest  iiii:    pictures  forward  to  test    this  p,)irit.  and   if  iiiisal- 

iu    the   si-rics    was    that    contaiiiini:   sixty  Isfactory  another  disc  will   he  necessar\'. 

thousand  .stars   (erroneously   re|)orted   in  Meanwhile   I'rofessor   Kilchey   is  himself 

tile  press  as  sixty  thousand  new    systems  experiment  ini:     to     see     whether    a     disc 

on  seeing  which   (  arnetri*'  w  .is  impressed  with   cclliil.ir   l>ackiiiL'   in.iy    not    he   Imilt 

with    IIm"    \alue    of    the    work    and    i:a\e  up  which  will  ;:i\e  a  li;,dit<T  const  riict  ion 

another     ten    million    [■>    the    institution  aii<l  a\°oid  internal  st  rain, 

which    he    had    foiiniicd.       Al    the    same  W  it  h  the  |(MI-iiicli  rellector  I  heintcnt  ion 

time  the  speaker  noted   thai    the  (»()-in<li  is   not    to   lia\'e  a   dome.      The  ohscrvers 

teleseo|)e    now    in    pl.ice   on    Ml.    Wilson  will    w(»rk    practicall\'    in    the   o|>en    with 

is    the    </\{[    of    .Mr.    .lohn    D.    Hooker   of  merely  ;i  wiiiij  shieldahoiit  t  hi-iiist  rument . 

I-os    Angeles,    who    h.is    m.idc     the     otVcr  There    will    thus    he    allorded    the    fr<'cst 

to     the     ol)ser\  atory     of      the      l()n-in<li  possiMe     circulation     of     the     outer     ;iir. 

telescope  as  soon  as  it  can  lie  const  rue! cd .  I'dr  t  he  |)rotect  ion  of  I  he  telescope  diiriii;,' 

.V  i;(»od  port  ion  of  the  story  of  I'rofessor  the  day.  a  Ikhisc  will  of  course  he  nece.s- 

Ritchey    naturally    relate<|    its«'lf    to    the  sary,  hut   at    nii,dit    this  will  he  run  hy  ii 

Mt.     NVilsoii    oltsiTvatory.    which     is    at  motor  alon^  a  railway  track  to  a  distance 

the  hciizht  of  six  thousand  feet  ahove  sea  of  se\-en  or  ei;,'lit    hundred   feet    from   the 

level,  not   far  from   I'asadena.  ( 'alifornia.  instrument,    suflicieiitly    far    so    that     its 

There    is     installed     here    a     h.itlery    of  radiation    of    the    heat    ^'.ilhered    during 

instruments  ()f  which  the  (ii)-iiuli  reflector  the  daytime  can  l»y  nopossiltilily  affect  t  he 

is    the    kin<i.      This    has    .1    ^'reat     many  instrument.      The  intention  is  further  to 

unusual     features     in     its      construction  c(mstruct    the   hoiisc   with    w.-ilU  of  siune 

which  were  dccrihed;    most    remarkahle  iiisulalin;,'    material,    so    that    diirin;:    the 

amoui.' them  liein^' the  mount iiii,'.    This  is  day.   when  it    is  protecting'  the  telescope 

hy   flotation   in   mercury.       Tin"   teh'scope  the   temperature   within    the   house   shall 

is  housed  in  a  dome  of  |)eculiar  ctiist  rue-  he  precisely  that  of  the  ni^'ht    hefon- «nit 

tion.       It     should     he     understood     that  of  doors, 
with     iiisliumenls    of     this     kiinl     it     is 

neees.sary  to  kcej)  iheni  at  a  nearly  even  Isrcicnt  toniisof  poi  ket  ei^ar  li^difers. 

temperature.      Optical    jxlass  changes  its  an    alloy   of   iron   and   cerium   is  used    to 

tiiiure    with     heatinij    or    eooliiiir,     while  iunil*-    the    alcohol     in    the    wick.      This 

annoyinji  currents  of  air  play  about   tin*  alloy   has   the    interest  inj;    peculiarity   of 

ajjcrture     of    the    instrument    when    the  emittin>x  hri^'ht  s|)arkswlnMi  struck  hy  a 

ohservatory     temperature     differs     from  hard    pie<-e    of    steel.      The    sparks    ^ive 

that    outside.      To    maintain,    as    nearly  practically  no  heat,  hut  will   ifrnite  eom- 

a.s  may  he  the  temperature  of  the  niuht  hiistihle  j^ascs.       Ihe  lij/ht  emitte«l  by  the 

throujihout  the  day  and  thus  afford  the  sparks  is  very  brilliant  and  penetrating. 


Trifid  Nebula.  Mes^sier  20,  in  Sagittarius,  photographcvl  l,y  Hilcli.-y,  June  1-.;,  1010.  Hxposurc,  3  fioiirs. 
26  minutes.  A  fine  examf^le  of  a  "chaotic"  nebula,  probaljly  a  very  early  sUigi;  of  <lcv<;loj»rnent.  It  is  especially 
remarkable  for  the  sharplv  defined  dark  rifts  and  for  the  narrow,  bright  edges  of  the  nebulosity  in  many  places. 


XKW  LUillT  ON   DKSIKrCTloN  oK  HAC  TKKIA 

|{i:>i:ai{(  II  i\  riii<  dihik  ii(>\  i-i\(.  \{\\)- 
i\ri()\^  iiKiM  i.i,i:(  ri{!<  \i.  di-c  ii  \i!(,i>  i{i;- 
-1  I.I  -  (II    i\\  i>i  ii,  \  M<»\-  i\  -I  i;i:ii.i/.i\(.  w  \  I  i;i{ 

\\|)    Willi    1,1  I'l   -    l'\  I  II, \  1^ 

( ).M'.     Ill"     tin-      !_'ri';il       |)|cil)|cMi^'     uliicji  .ipii;!!;!!  1I--    li.i\c    liccii     (|f\isc(|,      llic    dc- 

sciciit  it'll'  iiifii  an-  a!    [>ri--i-iit   lalliij   iipuii  >-iri|tlii  m^    uf    wliu-li     may     Ix-    fuiiiiil    in 

Id  -.oKc   i-,   that    ot   iiiiit  lollinu    the    water  n  uiiiiiiiiiiiat  ii  lIl•^  In  I  lie  rom/^/r.v /^7/r///.sw/^ 

•»ii|)|)ly  of  muiiicipalilic^.  m)  lliat    it    sliall  I' Artnininv  ilrs    Sriiiii-cs.      In    an     t\|M*ri- 

ht"  rcnilfiTil  free  from  pallioiitMlic  haclcria  mnital     run     at     Marseilles,      water    \v;is 

l>efore  reaeliinu'  the  jieople  for  ennsMm|)-  floucd  lhroii;,'ji  a  tank  >o  a^  to  jiass  o\-er 

lion.  (ii\enlhat  t  he  a\  ailaMe  >ii|>|>ly  for  a  a  (|Martz  l»o\  eontainiiijj  a   \Ve>lin^'lioiiM' 

town    or   iit\    eonlains   oriranisms    wliieli  ( 'oo|)er-llew  it  I     (|uart/     mereiiry     lamp. 

ina.v     lie     ri's|ioii-<il)le     for     «lyserifery     or  oiieratim:   on    :5    amperes   and    'i'.'O    \olls. 

typlioi<l   fever;     the   jieople  of   that    town  This  operated  siieeessfnily  ilav  and  ni^ht 

or  eil>'   natnrall\    and    riL:hlfnll\'   demand  for   almnt    -i\    weeks.    Ireatin;:  (KM)   eiiWic 

the   a|)pli<-at ion    of   a    -uiiple.   direct     and  mrlers    per    'l\    hours.       I)nrin;:    the    test 

I'conomieal     methoil    of     sterili/at ion.  llie    raw     water    \ari«'<|    from    .'{<•    to    .'{()() 

Many    eliemieal    metlio(U.    I),i-<ed    on    the  Waiteria    |)er    enl»i<'    centimeter,    willi    .>() 

a<l<litioii    of    (liiorine,    o/one    and     other  to  1 .((()()  eolon  liaeilli  jier  lit  re.    indieatin^ 

sul)slane<'s     an*     in     iise.     Imt      there     is  distiiicl    pollution.      After    treatment    no 

always  a  strong  po|)ular  prejudice  against  colon     liacilli     were    e\er    found,     and     a 

addin;:  any  chemical   to  drinkin<i   water.  jiolalile    water    of    the    hi^dicsl  character 

Reccntl.v     attempts     to     sterili/e     water  was  olitained.       The  ener^'v  consumption 

simply   hy   exposure   to   ult  ra-\iolet    rays  was    100   kilowal  t-liours   per   million   j,'al- 

ha\c  lieeii  made  wit li  considerahle  success.  Ions  and  the  cost  .SIO  |)er  million  jralhins. 

lltra-vioiet  rays  are  in\isil»le  radial  ions  X'ery  recently  the  cost   has  Ikh-ii  reduced 

of  the  same  nature  as   xisihle  li<,dit    ra_\s  losT.OO  per  million  iiallons.  hut  e\-en  this 

l)Ut     of    shorter    wa\e-Ien;:tli.       ThcN'   an-  !>  too  cos|  ly  a<"cordinj_'  to  American  ideas, 

present    in    the    radiant    eneru'.v    reccixed  Ne\  crt  heless  the  cost   is  not   far  out  of 

from    the    suii.    I)iit     most    of    Ihrni     are  rani:e,    and     liicsc    experiments    niak*-    it 

al)s()rl)ed  liy   the   almospherc.      .\\ailalile  liiL'hl.\    jiroliaMc   that,    with    some  further 

.sources  of  ultra-violet   li;:ht   are  the  \ari-  im|)ro\cnient ,  t  his  ideal  metli<)<l  of  sterili- 

ous  forms  of  eh'cf  ric  di-eharL'c  such  as  t  he  zation    will    soon    lie    made   applicalile    tf> 

arc.    the    mercury    xapor    lamp,    and    the  American  conditions. 

spark,  (ilass  is  opaque  to  thcsi-  radia-  Direi-t  therapeutic  apjilicat  ion  of  ult  ra- 
tions whiU"  (|uart/.  transmits  them  \  inlet  liL'lit  in  the  tr<-atmenf  of  lu|)ns 
readily.  Wafer,  too.  is  fairly  opai|ue,  vuL'aris  and  other  j.'ra\»'  superficial 
unless  free  from  color  and  suspended  disease^  has  lieeii  made,  chiefly  Itv  Finsen 
matter,  so  that  filtration  is  a  necessar.v  and  his  followers,  in  Kurop<'.  If  is  lo 
l)reliminarv  wherever  this  condition  does  lie  deplored  that  more  is  not  hein^  doMC 
not  exist,  in    this   direefion   on    thi.s  continent.     A 

If    has    loni:    lieen    known    that     these  do/.en   or  so  cases  of  lupus  vulgaris  have 

ultra-violet     radiations    destroy    bacteria  come  under  the  writers  ol)servation   for 

subjected   to  their  action,   and   all   livini:  which  practically  notliinj:  was  rlone  l)y  the 

cells  are  stron<ily  affected  hy  them.    I)ur-  medical    fraternity.      More    in    this    cf)n- 

int;   the    ]iast    three    years   a    miinlxT   of  nection  in  a  sul»sef|uent  paraf.'rai)h. 

French  invest iua tors  have  heen  at   work  These     api)lications     aiul     the     similar 

to  make  use  of  this  fact  to  sterilize  water  ones    of    sewafie    purification    and    milk 

on  a  larcre  scale.     A  number  of  types  of  .sterilization,    liv    utilization    of    radiant 
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oiiorjiy  of  ^liort  wax  i*-liMii;lh.  all  dcixMul 
ftir  tlioir  improvomont  and  i)raclical 
suctvss  \\]nn\  an  nndrrstandin^.  or  at 
least  upi>n  an  onipirical  doinonstralion 
of  tho  same  fundainontal  ta«ts.  Tlu' 
aiitlior  has  hoon  oxporiinrntinii  in  this 
connection,  with  certain  interruptions, 
thirini:  the  past  three  years.  A  snUicient 
nuniher  of  oIvservati»Mis  have  heen  made 
to  seem  to  warrant  a  prehniinary  state- 
ment heinj:  now  iiiven  and  the  invest itra- 
tion  is  heini:  extencK'd  so  that  more  exact 
fpianlitative  c()nchl-ion•^  may  l)c  stated 
sul»e<piently. 

The  Problems  and  Present  Status 

The  exi)eriments  thus  far  seem  to  show 
that  the  radiation  which  is  mostly  efiec- 
tive  in  killing  any  jiarticular  bacteria 
which  has  l^een  studied,  is  limited  to  a 
very  narrow  region  of  the  ultra-violet 
spectrum,  and  that  the  most  eti'ective 
region  differs  in  general  with  the  speci- 
men. The  ])rol)lems  are.  therefore,  (1)  to 
determine  for  any  given  bacteria,  which 
wave-lengths  are,  for  them,  tlic  iii()>l 
fatal,  and  H)  to  arrange  an  clcclrical 
circuit  containing  resistance,  inductance 
and  capacity  which  shall  be  tuned  so  as 
to  convert  the  energy*  supplied  to  a  spark 
gap  most  efficiently  into  that  ])articular 
region  of  the    spectrum. 

We  must  regard  the  first  jjroblem  as 
V>eing  at  present  in  a  most  unsatisfactory 
state,  when  we  contemi)late  that  at  the 
Finsen  Institute  and  at  the  various 
European  hospitals  which  are  at  present 
utilizing  the  Finsen  method,  the  radia- 
tions are  simply  those  of  an  electric  arc 
from  which  the  heat  rays  are  remo\ed 
by  water  lens  filters.  Even  this  method 
has  proved  highly  effective  in  helping 
lupus  and  kindred  affection>  which 
usually  prove  fatal  under  other  forms  of 
treatment.  Yet  it  .seems  probable,  in 
view  of  the  present  investigation,  that 
only  a  fraction  of  a  per  cent,  of  the 
radiant  energ>'  generated  in  this  way 
is  within  the  region  of  wave-lengths  which 
are  active,  and  that  of  those  only  a 
small  fraction  f>enetrates  the  water 
filter  so  as  to  reach  the  patient.  For 
theraf>eutic  application  it  would  seem 
desirable  to  use  a   high  potential  spark 


ili-~(liargc.  ricli  in  a  certain  rci^ioii  of 
nit  ra-\iolet  radiation,  rather  tlian  a  low 
potential  arc,  rich  in  lu>at    lays. 

It  has  long  been  known  that  by  simjjly 
introducing  a  suitable  inductance  in 
series  with  an  t'lectric  arc,  the  air  lines 
of  its  spectrum  are  eliminated.  /'.  r..  the 
transformation  of  electrical  energy  into 
radiant  light  energy  is  markedly  modified. 
I'his  fad  and  related  ones  do  not  seem  to 
be  satisfactorily  explained.  Similarly 
the  indiiclance.  capacily,  resistance  and 
cln)icc  of  inalcrial  for  electrodes  may  be 
\aried  in  I  lie  case  of  the  spark  discharge, 
to  throw  more  or  less  energy  into  a 
given  region  of  the  ultra-violet  spec- 
trum, and  the  second  problem  is  that 
of  effecting  a  choice  of  these  for  high 
efficiency.  The  matter  of  efficiency  is 
of  secondary  importance  so  far  as  the 
problem  has  to  do  with  therapeutic 
application,  but  it  is  of  primary  impor- 
tance in  comiection  with  water  steriliza- 
tion and  the  other  above  nientioned 
applications. 

Inthoi)1(  TOHV  Experiment.  Apparatus 

The  writer  was  first  directed  to  this 
investigation  by  being  called  upon  to 
assist  in  the  treatment  of  a  ca.se  of  lupus 
vulgaris.  The  case  had  failed  to  yield 
to  any  of  the  usual  methods  of  treatment 
and  the  "Finsen  Eight"  treatment  was 
suggested  by  the  ])hysicians  in  charge. 
For  reasons  already  given,  the  spark 
discharge  seemed  more  desirable  than 
the  arc  as  a  source  of  radiation,  and  in 
conscfiuence  the  following  circuit  was 
arranged.  A  large  induction  coil,  capable 
of  giving  a  .'5()-inch  s])ark,  and  operated 
from  llO-volt  mains  by  means  of  a 
inotor-dri\-en,  Wehnelt  interrupter,  was 
|)laced  in  series  with  a  variable  inductance 
and  a  si)ark  gap  with  iron  electrodes. 
Across  the  sjiark  gap  was  inserted  a 
large  variable  capacity.  The  leads  to  this 
capacity  were  several  feet  of  ordinary  No. 
14  co[)iK'r  wire.  With  a  s})ark  gap  about 
one  cm.  long,  the  caj)acity  was  varied 
until  a  heavy,  crackling,  cold  sj)ark 
discharge  was  obtained,  which  was 
extremely  rich  in  ultra-violet  light.  The 
I)atient  was  placed  so  that  th(;  ra<liation 
from  the  .spark  was  concentrated  over  a 


>(1('I1CC     (  '(»il>[»fcl  lis 


1.51 


I'liitr  I.     Atinli.i  MiyclotlKTiis  nuiltispiirifiTKUs  («lys«'nt<Tyl  inajjiiificd  .'{0((  time-..     KxpoMin-  llini-  «,(iiiiiil>. 
Shows  iiiotinii  of  or^ianisms  iM-forc  rayinjr.     One  iiulividiial  is  i\r;n\.  or  at  li-ast  niolioiili->s 


rr^inii  mIidiiI  mii'  iinli  iii  iliainrlcr  1>> 
nu'aiis  (if  M  (|ii:irl/  I<iis.  .hhI  \\\\^  .wrA 
moved  alxHil  until  cxcrv  part  of  tlic 
afFrctccl  rriiinii  }ia<l  liccn  rayed  for  oin - 
half  lioiir.  Krom  time  to  time  (•liaii;:('s 
ill  the  cin-iiil  were  made,  and  \arioUN 
metals  tried  as  >|);irk  jiap  teriniiials.  Siicli 
treatments  were  eoiitimied  e\<'ry  second 
day  or  so  for  some  \ve«>ks,  .md  notliin;: 
particular  noted,  until  one  day  cadmium 
terminals  were  tried  :ind  riliKoiis  of 
copper  wire  used  as  leads  to  the  coikIcii- 
sers  in  shunt  with  tin-  spark.  At  this  the 
patient  slirank  hack  from  the  radiation, 
exclaimiiii:  that  it  felt  as  if  tliousamls 
of  needles  were  entering  I  In-  open 
affected  rcLrion.  This  result  \\a-  not 
noticed  if  the  leads  to  the  condensers 
were  of  oniinary  wire  of  considerable 
resistance,  nor  was  it  found  with  t<Tniin;ds 
of  numerous  metals  except  cadmium  and 
alhns  of  cadmium. 


Si;i,K(Ti\  i:    H\i)i\Tin\   I\iiinns  A(ti(»\ 
<  II     ^  i:  \sr  <  i\  Si  (.  \i{ 

II  was  snoii  found  that  this  same  ra<lia- 
tioii.  to  whiili  the  patient  was  sensitive, 
inhihited  the  action  of  ordinary  yeast 
cells  up<ili  su;.'ar.  whicjl  was  judp'(l  hy  the 
generation  of  carlioii-dio\id<"  ^as. 

\\  liene\-er  a  inixt  iin*  of  yeast  and  sn;.Mr 
within  a  <|Uartz  vessel  was  rayed,  the 
exiihitioii  of  ^'as  which  accoinpaiii<'s  the 
acti\  ity  of  the  y<'ast  cell  was  completely 
iiiliiliile<l.  If  the  mixture  was  in  a  ^lass 
tiilie  the  raxinj,'  was  ineffective.  Hence, 
the  effecti\e  radiation  seems  to  he  one  for 
which  quartz  i>  transjjarent  and  ^Jas.s 
opa()iie.  that  is.  of  the  rcfxioii  of  short  wave 
leii^rths. 

riie  arrangement  of  the  circuit  wliich 
was  most  effective  in  killing:  the  yeast 
cells  was  also  the  most  effective  one  for 
the  patient.  Any  chan;je  in  the  arran^re- 
ment  of  the  electrical  circuit  varied  the 


l.r 


SticiuT  Conspectus 


otTiH'tivtMioss  of  till'  r;iiliat i<»ii  tMiiitlrd  hy 
the  spark  disc-hariic  so  far  as  its  hactcrio- 
lojjii'al  otfiH'ts  wore  conoornod. 

Conclusion  of  TiiKirvrKiTic 

KXTKIUMKNT 

For  >iil»0(juoMt  applirations  «)f  rays  to 
the  patient  this  yeast  test  was  applietl  to 
aseertain  whether  the  proper  radiation 
was  lH*in_ir  emitted.  Duriiiir  the  earHer 
treatments  the  |)atient  always  felt  the 
"pin  and  ntvdle"*  sensation  when  the 
ra«liation  was  sneh  that  the  yeast  cells 
were  inhihited  and  conversely.  Later, 
with  improvement,  the  ])atient  experi- 
encetl  no  sensation,  so  tliat  some  snch 
control  test  as  this  was  essential.  This 
is  not  the  place  to  discu.ss  the  theraj)eutic 
asjiects  of  this  phenomenon  except  in 
.so  far  as  they  hear  npon  the  <ieneral 
pliysical    or    i>hysico-l>ioloi:ical    ])rol)lem. 


Plate  II.  .same  field  as  plate  I.  after  rayinp  for  one 

minute.     Organisms  stationary;  small  fx-rtur- 

hations  visible 

l»nt  it  mi^ht  be  remarked  in  pa.s.sing,  that 
the  rayitig  treatment  was  continued 
ever>'  few  days  for  six  months,  during 
which  time  the  affected  region  shrank 
from  an  area  of  al)Out  five  .square  inches 
to  nothing,  and  that  no  ill  effects  have 
.since  been  experienced  after  a  Iaf)se 
of  two  years.  Several  other  ca.ses  of  hjpu> 
vulgaris  were  rayed  in  this  manner,  and  in 
ever>'  ca.se  an  improvement  was  noticed 
after  ver>'  few  treatments. 

Selective  R.\di.\tion  and  B.xcTf:Ki.v 
Meanwhile,  certain  cultures  of  bacteria 
most  of  which  were  furnished  and  tested 
bv  Doctor  Walker  of  the  Harvard  Medical 


School,  lo  whom  I  lie  writer  i>  <;r«';itly 
indebted  tor  his  generosit>'  and  interest, 
were  studied  under  the  influence  of  these 
radiations.  Some  arrangement  of  the 
circuit  could  always  be  found  to  eft'ec- 
ti\cl.\  kill  each  s])ecimen  studied,  but  the 
best  arrangement  varied  greatly  from  one 
bacteria  to  another.  For  example,  ten 
seconds'  raying  with  cadmium  terminals 
and  ribbon  leads  served  to  conijjletely 
kill  a  culture  of  tubercle  bacillus,  while 
prolonged  raying  with  iron  terminals  in 
place  of  cadminm.  or  with  ordinary  lea<ls 
as  not  fatal  lo  tluMU,  while  amcha 
un/ctotherus  multisporiferus  or  eniameha 
In/sfolj/fica  (dysentery),  which  is  very 
many  times  larger,  and  which  is  nuich 
less  .sensitive  to  changes  of  temperature, 
etc.,  are  killi-d  with  thirty  .seconds' 
raying  with  any  one  of  about  twenty  dif- 
ferent arrangements  of  the  circuit  tried. 

It  seems,  therefore,  likely  that  the 
radiation  absorbed  by  a  given  bacterium 
and  which  is  fatal  to  its  vital  })roce.s.ses, 
is  a  selected  one  of  a  very  limited  range 
of  wave-length.  Consefpiently,  one 
niiglit  exj)ect  to  be  able  to  spread  a 
culfure.  which  gave  some  characteristic 
stain,  uniformly  over  a  j)late,  and  by 
dis])ersing  the  radiant  energy  either  with 
a  (piartz  j)rism.  or  w  itli  a  grating  to  obtain 
a  bacteriograph,  marking  the  effective 
radiations. 

Observations  Under  the  Microscope 

Direct  observations  were  made  of  the 
effect  of  various  wave-lengths  of  radia- 
tion upon  the  following  bacteria  and 
ameba:  B  coli  communis,  A  m i/rtof herns 
multisporiferns  (dysentery),  frijpano- 
plasma  (sleeping  sickness),  and  nuisluj- 
ina  or  niast'uicuncha,  which  are  suffi- 
ciently varied  and  typical,  by  noting 
their  motion  under  the  microscope  during 
the  raying  process.  In  each  case  some 
arrangement  of  the  circuit  i)roved  effec- 
tive, aiifl  when  once  found  it  could  be 
reproduced  at  will,  with  uniform  results. 
The  results  arc  gix'cn  in  a  later  paragraph. 

However,  so  arbitrary  did  the  effect  iv<-- 
ness  seem  to  be  in  terms  of  the  constants 
of  the  circuit  or  of  the  api)arent  properl  ies 
of  the  radiation  that  no  general  deduc- 
tions have  as  yet  been  made.  Photo- 
grajihs  of   the  ultra-violet  spectral   lines 
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rial.    111.     ^aiiif  liclil  ii>  plali-  I.  and  II.,  aftrr  raying;  tlin-c  minutes.     L 

.srdiiif:  firm  splifriial  form 


.'iii.ir   ^1  nil  I  urt 


wcrr  nttcii  tiiiif-.  i(|<'iilic;il  ;i^  iir.ir  ;i> 
could  l)c  -1(11  tnr  two  ;irr;iiii:<"iii«'iit  >  of 
(lie  circuit,  aini  ycl  a  lrcmcii(lou>  \aria- 
tioii  ill  llii-  ctl'cct  ixciic^s  of  the  r;i<li;it  i(Ui 
wa>  noted.  At  timc^  the  writer  \va^  led 
to  believe  that  the  «'trective  radiation 
must  l)("  other  than  that  conmionly  ^\\\>- 
j)o>ed  to  lie  euiitled  from  --nch  ;i  s|)ark 
di^char^'e.  1  hi^  possibility  >eems  well 
worlii  iii\ cstiLMliui:  and  it  i^  ho|>ei|  that 
this  |)relimin.ir\'  report  ma>"  interest 
others  to  do  so. 

Secoxd.vhy  Effects 

The  action  may,  of  course,  be  due  to 
some  unsuspected  secondary  effect,  ami 
exjieriments  are  in  preparation  to  test 
this  more  thoroujihiy.  It  was  immedi- 
ately suspected  that  the  cause  mif,'ht  be 
the  chemical  effect  of  the  ozone  generated 
in  the  air  by  the  spark,  l)iit  in  this  case 
it  would  W  (litTicult  to  see  why  the  effect 
should  be  iidiibited  by  placing;  the 
specimen  within   a   glass   tube,   which   is 


open  tot  he  air  at  I  he  top,  .iikI  not  in  a 
similar  o|»en  (juartz  tulx'.  This  dctes  iKtl 
preclude  tin-  possibility  of  tin-  reaction 
Id  form  ozone  taking  |)lace  at  the  expense 
of  the  air  which  is  dissohed  in  the  water. 
This  |»ossiltility  needs  |o  l)c  further 
studied.  If  founcl  to  l)e  true  it  might. 
gre.itl.N  modif\  tin-  |»rocedure  af  present 
adoi)ted  for  water  supply  sterilization. 

I'f:.N"KTI{  AMILITY    OF    R.M)I.\TI<  )\ 

It  seems  sur|)rising  that  the  eifect  is  so 
(•oin|)lcfe,  resulting  in  the  total  <lcslruc- 
tion  of  the  bacteria  or  cell  with  a  few 
mimitcs  raying,  throughout  the  entire 
volume  of  the  lifpii<l.  In  many  experi- 
ments this  meant  that  the  radiafit)n  imist 
have  penetrated  nearly  a  centimeter  of 
strong  solution,  ami  there  is  much 
evidence  in  the  literature  that  .such  a 
tluckness  is  opacpie  to  ordinary  ultra- 
violet light.  It  was  soon  found  that  the 
radiation  restored  the  color  to  a  fuchsine 
solution  which  had  l)een  decolorized  with 
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Plate  IV.     Same  as  plates  I  .  II.  ami  III..  ;tftiT  rayitifj  five  minutes.     Almost  f()mi)l(tc  (iisiiilcf;ration 


sulphurf)us  arid.  Moreover,  this  return 
of  color  seemed  to  be  unifc>rm  throiijzliout 
the  volume  of  the  solution  when  enelosed 
in  a  quartz  tube  and  rayed,  anrl  was  not 
ob.served  when  the  solution  was  shielded 
by  glass. 

DiKECT  Observations  and  Results 

The  following  method  was  a<lopted  to 
observe  directly  the  effect  of  the  radiation 
upon  a  culture.  A  samjjle  was  })laced 
between  quartz  microscope  slides,  and  a 
control  sample  similarly  i>laced  Ix-tween 
gla.s.s  ones.  This  second  sample  was 
treated  throughout,  like  the  first  one,  and 
served  a.s  a  control.  In  almost  every 
case  after  an  experiment  the  bacteria 
protecterl  by  the  glass  were  founri  to  be 
active,  and  a  failure  to  find  this  was  of 
course  sufficient  cause  to  discard  that 
observation.  The  quartz  sample  was 
placed  on  the  mount  of  a  microscope  and 
the  instrument  focused  with  a  j^rojection 
eye  piece  .so  as  to  bring  a  sharp  image 
of  the  active  bacteria  on  a  ground  glass 


plate  ol'  a  camera  arran<i<'d  x'ertically 
al)ove  the  niicrosco])e  axis.  The  opera- 
tions were  j)erf()rnied  in  a  dark  room,  and  a 
beam  of  light  front  a  lantern,  after  being 
pas.sed  IhniUgh  a  water  filter,  .served  to 
illuminate  the  field  of  view.  In  thi.s 
manner  a  field  containing  })erhaps  a 
<lozen  acli\<'  individual  organisms  could 
be  observed  on  the  ground  glass,  magnified 
in  many  cases,  .so  that  each  indixidual 
was  .several  millimeters  in  dian)eter,  and 
so  that  the  motion  was  a  centimeter  or 
more  in  a  few  .seconds.  "^I'lie  si)ark  was 
filaced  so  as  to  ray  the  specimen,  and  the 
character  of  the  effect  watched.  When  an 
adjustment  of  the  electrical  circuit  w^as 
fcjiind  which  rendered  the  raying  effective 
at  all,  the  results  were  uniformly  as 
follows:  'i'he  beam  of  light  used  for 
ilhiminaf  ion  served  to  excite  the  organism 
to  great  activity,  but  in  no  case  under 
observation  did  it  tend  to  decrease  llu; 
actixity  however  long  produced,  up  to 
the  time  the  culture  started  to  dry  out. 
Hence,  before  raying,  each  indixidual  of 
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the  ciillun'  was  .seen   to  l)f  iixAiii;^'  uilli  r;i_\  in;,'    (lisiiil<-;.'ral  ion     takrN    place.    an<l 

varinii>  >|)cc(ls  and  alonu  \aritiiiN  ciirxcs.  finally  llic  siiKilixisions    hcconic  .so  >inall 

Tlii^      i>      ^liown      in      plate     I.,      which  as  lo  he  lo^j   Inxicu.     Tin' early  slaves  of 

!.>%    a    pholo;,'rapli    of    diinlxi     iiii/rlollicni.s  this  are  .shown  in  plate  I\'..  wliieh  is    the 

mi(lt{sf)<)rlfcrii.'<    taken    Itv    re|)laeiiij;    the  same  field   as   the  earlier   pl.ite^      I..    II. 

;iroMiid    jiiass    l>y    a    i>hoto<:raphie    plate.  and    III.)   after  five  minutes  ravin;,'.     Of 

The   exposure    wa->    tor    three   >e((»nds,  so  course  all    the    piclun's    were    taken   with 

that    the   extent    of    the    motion    may    lie  the  same  maiinification. 

judged.  The  mairuilicat  ion  i>  ahout  it  would,  therefore,  seem  that  the 
liUi)  diameter^.  ( )iic  individual  is  seen  direction  in  which  one  ini;.'ht  look  for 
to  he  (h'ad.  or  at  any  rate  motionless.  im|)ro\'einent  in  applying,'  this  radiant 
Naturally  the  paths  thu^  shown  would  eiier^'y  to  water  sterilization  and  other 
1)0  faint,  for  eaih  portion  of  the  |)alh  processes  would  he  that  of  a  more  care- 
was  .shadowed  lt>'  the  ameha  as  it  mo\-ed  fully  t  une<l  elect  rii;il  circuit .  The  present 
onward  durini:  the  three  seconds  of  metlio(ls  are  \-cry  much  as  if  we  should 
ex|)osiire  for  only  a  fraction  of  that  lime  attempt  to  heat  our  rooms  with  incande.s- 
i'he  circuit  was  then  closed  and  the  cent  lamps.  To  he  sure  they  do  radiate 
culture  rayed  for  various  lenj.'t  lis  of  I  inie.  he.it  an<l  enou;.'h  <»f  them  would  suffice, 
The  activity  of  the  specimen  for  the  first  hut  why  have  such  an  extra xa^'.mt 
few  seconds  was  incn-ascd  to  the  point  hurst  of  li^hl  energy  if  it  is  lu-at  that  is 
of  aj)parent  fren/y.  after  which  each  desire<l.  To  kill  the  haeteria  which  arc 
individual  assumed  an  approximately  offensive  in  drinking,'  water  a  very  liniiled 
spherical  shape,  and  nMuaine<l  motionless.  rej;ion  of  waxeden^'ths  of  ratiiant  energy 
Plate  II.  is  a  photoixraph  of  the  same  is  effective.  .VII  other  wave-len>iths  arc 
Held  as  pl.ite  I.  taken  after  raying  for  one  wasted  and.  of  <-ourse.  Iow«t  the  effici<'ney 
minute.  This  and  each  sul>se»|uent  an<l  increase  the  cost.  This  research  i.s 
|)icfure  was  fiiveii a  three-second  exposnre.  to  he  contimied  to  attempt  to  tiiap  the 
With  further  raying  the  firm  spherical  effective  waNe-len^ths  anci  to  devise  a 
ai)pearance  yields  and  a  loose  irre^Milar  method  to  i)ro«iuce  them  efficiently, 
strueture  supersedes  it.  This  is  shown  The  experiment.s  in  connection  with 
in  i)late  III.  which  is  after  raying  three  this  paper  were  performed  at  the  physical 
minutes.  Often  during  early  stages  of  laV)oratory  of  the  Ma.ssachu.setts  Institute 
the  raying  pert url)at ions  hreak  out.  a.s  of  Technology  at  Boston. 
if  the  individual  had  I)urst.  This  is  Qieen-s  University,  jj  rr,  j. 
clearly  shown  in  ])late  II.     ^^ith  further  Kingston,  Ont.vrio.       "•    ^-  J^almus. 
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Public  lioalth  ox|>orts  today  agree  in 
lookinii  upon  certain  j^ractic-al  measures  as 
of  unquestionable  value  in  conserviim 
the  health  of  a  connnunity.  while  they 
rejiard  others  as  relatively  inetl'ective  or 
even  worthless.  It  is  true,  however. 
that,  in  spite  of  the  existence  of  definite 
principles  and  well-established  facts  a 
part  of  the  activity  of  almost  every 
municipal  health  department  in  this 
country  is  devoted  to  comhatinii'  imaj,M- 
nary  dangers  or  aj^plied  to  tasks  that  have 
only  a  remote  bearing  on  the  public 
health. 

This  condition  as  a  rule  is  not  due 
either  to  apathy  or  ignorance  on  the 
part  of  health  officials,  but  to  the  pressure 
of  public  opinion.  Such  pressure  is 
often  exerted  directly  through  legal 
ordinances  passed  by  uninformed  legis- 
lative })odies  but  sometimes  also  through 
agitation  by  mistaken  enthusiasts  or 
through  other  channels  of  public  opinion. 
Back  of  the  whole  situation  is  the  survival 
in  the  pul)lic  mind  of  antiquated  concej)- 
tiofts  of  disease  and  causes  of  disease. 
It  has  been  unfortunate  in  many  respects 
for  the  cause  of  public  health  that  much 
of  the  popular  interest  in  health  matters 
wa.s  evoked  before  the  germ  theory  of 
di.sease  and  its  corollaries  became  fully 
developed.  This  resultfd  in  fixing  in  the 
pul)lic  mind  a  number  of  wrong  concep- 
tions of  disease  and  of  f:ombating  di.sease 
which  has  h»ecome  traditional. 

To  l>e  specific,  two  instances  of  this 
confusion  are  founrl  in  the  demand  for 
garbage  disposal  and  plumbing  inspection. 
Sanitarians  do  not  admit  that  even  a 
grossly  improper  method  of  garbage 
disposal  can  have  much  to  do  with  the 
spread  of  disease  in  a  large  city  or  that 


diphtluMi.i  or  typhoid  fever  or  any  other 
disease  is  i)i()])('rly  attril)ulable  to  the 
entrance  of  sewer  air  into  dwelling 
houses.  So  iirmly  embedded  in  public 
belief,  however,  is  the  connection  of 
])iles  of  decaying  garbage  with  outbreaks 
of  ini'eetious  disease,  and  of  "defective 
pluml)ing"  with  all  sorts  of  maladies  that 
to  the  average  citizen  "garl)age  disposal" 
and  "i)luinbing  inspection"  bulk  large  as 
the  chief  it'  not  the  only  activities  of 
a  municipal  health  department. 

In  the  light  of  our  present  knowledge 
we  may  well  ask  what  are  actually  the 
known  dangers  to  health  from  these  two 
sources:-'  It  is  now  well  known  to  l)ac- 
teriologists  that  disease  gernis  do  not 
"breed"  in  garbage  heaps,  l)ut  that  on 
the  contrary  if  added  from  outside  they 
speedily  die  off.  The  offensive  odors  of 
decomposition  may  be  unpleasant  and 
undesirable;  there  is  no  exidence  that 
they  ])roduce  disease  or  disposetodisease. 
On  the  other  hand,  it  is  true  that  the 
existence  of  heaps  of  deconii)()sing  organic 
matter  may  lend  to  maintain  or  create 
general  h;ibits  of  uncleanliness  which 
thenisel\('>  nia\'  be  detrimental  in  a 
roiiiHlabont  way  to  the  health  of  a 
community.  And  again  it  is  known  that 
the  house-fly  may  breed  in  garbage  piles, 
particularly  if  horse  manure  is  present, 
an<i  that  under  certain  conditions  this 
noxious  insect  may  bcf-ome  the  bearer  of 
disease  germs  to  food.  But  when  the 
worst  is  said  it  nmst  be  admitted  that 
the  actual  danger  to  health  from  garbage 
j)iles  and  "dumps"  is  relatively  insignifi- 
cant comi>ared  with  the  danger  from  other 
well-known  but  less  popularly  feared 
sources.  Disease  does  not  originate  in 
garbage  piles,  however  offensive  they  may 


*By  Edwin  O.  Jordan,  Professor  of  Bacteriologj',  University  of  Chicago,  presented  before  the  Congre.ss 
of  Technologj-  at  the  Fiftieth  Anniversary  of  the  (irantinf?  of  the  Cliarter  of  the  Massaeliuselts  Institute 
of  Technology-. 


Science    (    I  m^peel  ii>  |  .")7 

l)»':      the    li(iiiN<'-tl\ .    Ii(>ur\<r    (li-.L:ii>l  iiii;  iiculv     <ic»(r(|     <l\\  clliii;^     liiiu>r     in     our 

;iml   .iiiiiuN  ill:,'   its    li.iMts,   does  not  carrN-  I.iil'c  AiiuTicaii  <'itir.s.     IMiiinliiii^'  iiispcc- 

(li>t';i>f    L.'»Tiii^    iiiili'NN    it     |i;i-x    .icccsN     1(1  lioii    liiday  f)ccu|)i«'s  a   lar;if  pari    of  llic 

iiial<Tial     ill     wliidi     tlicy     arc     iiirscnt.  wiirkiii;;  fore*'  of  many  innniripal  licallli 

The    Inilli    is    lliat     ;^'arl>a;^'e    disposal    is  depart  nx-nls.      In    Mall  iiiiorr.   in  l!K(S,  lo 

iiiort' a  mat  ler  of  ninni<i|)al  lionsekee|)in;4  eile    a    sin^dc    instance,    lids    work    was 

llian  of  pnlilie  lieallli:    a  proper  ni<dliod  carried  oiil  l)y  one  ins|)cclor of  |ilnniliin^. 

of  ^Mrl>a;,'e  collection   ami   dcslriictioii   is  sc\cn    assistant    inspcct<irs   of    plninliin^ 

desiralile    rattier   from   ccoiioinH-    and   cs-  ami  mic  drain  iiispc<|nr  a!   a  Iota!  salarv 

tlielie    coiisiderat  i(tiis    than    on    I'ly^^'icnic  co^t     (,|'    s,s,\.'.">(l    or    al)oiil     oncti-nlli    of 

grounds.        riier<'    arc    of    coih-nc    certain  llic     total     salary     appmpiial  i<iii     l"<ir    all 

features    in    the    liaiullini:    of    refuse    and  |)iililie    health     work.       And     \et.    if    I  he 

waste  ihal    in'cd  liy  L:i<'ni<'  i<  Hi  I  ro| .  jii>|   as  iiiosj    reeeiil    and    sc.ireliin^'  in\'esl  i;;at  ion 

there    are     in     street     cleanini;,     Imt     the  siicli  as  those  of  \\  inslow   and  others  are 

prot)leiii    is   essentially    not    one  of   |)iil)lic  to  he  l»elie\-ed.  the  actual  peril  to  health 

health.      At    present    in    some   cities    the  inNolved  in  I  he  ent  ranc<' of  small  (pianl  i- 

«lepart  meiit  of  health  is  l»nrden«'d  with  t  he  ties  <»f  x-wcr  air   into   houses   is   so  small 

task  of  earing'  for  the  city   waste  and   its  as  to  lie  practieall\'  ne;,'li;.'ili|e.     It  ma\   he 

.success    or    iailiirc    as    a    eoiiscr\alor    of  (|iles!  loiicd   whether  pInnihiiiL'  inspection. 

pilhlie  Ilea  I  til  is  I ft  en  iiK-asurc'l  hy  I  he  as  ordinarily  con<liicted.  can  lie  show  n  to 

fre(pieney  with  which  c-ial  ashes  are  sa\<'  a  sin;r|e  life  or  prevent  a  sin^h"  case 
scattere<l  in  alleys  or  the  length  of  lime  of  disease.  Tlier*'  is  certainly  no  reason 
that  decaying'  \<-;ietal)le  matter  remains  to  sHp|)ose  that  any  infeelioiis  disease 
in  till  cans  in  hot  weather.  in  some  is  due  to  ;;ernis  carried  in  sewer  air.  It 
eases  the  larp'r  part  of  the  annual  lieall  li  iiii:^lit  leasonalily  lie  maintained  that 
department  apprt»priation  must  lie  s|i^||ll.\  leak>-  L'as  lixliircs  are  a  much 
expende(l  for  j^'arha^'e  eollection  and  more  scrioiis  menace  to  the  health  of 
<lisposal.  I<'a\  ini:  only  a  pilifiill\-  suiall  Imusc  dwellers  than  defecli\e  plumhinji. 
residue  lor  other  nee(is.  'jo  meiilmii  a  .\l  all  e\cnls  our  |)rescnt  kiiowledjjc 
.siiiijle  instance,  t  he  collect  ion  and  <  un-er-  aHurds  suiall  j Us t  idea t  ion  for  I  he  expendi- 
\alion  of  jzarha^ie  and  ashes  co^i  the  lure  of  piihlie  money  to  insure  that  tlic 
Minnea|)olis  Health  |)<'parlment  in  l!)()!)  odor  of  peppennini  does  not  enter  our 
ahoul  s.'iT.OOO.  Iea\  ini:  a|)i)ro\imately  houses  when  <til  of  |)epperniinl  is  desijxn- 
s  i.").(((»()  fur  all  other  actixitics  of  the  cdly  iiitro<liiced  into  the  house  drains, 
department.  This  latter  sum  is  ahout  It  may  he  worth  while  for  the  home- 
one  fifth  of  the  amoiinl  expended  for  tJK'se  hiiilder  to  satisfy  himself  of  the  eliaraeter 
other  activities  l»y  the  city  of  Roston  for  of  the  plumliin;:  as  of  tjie  eliaraeter  (»f 
a  |)opnlation  ap|)ro\i!nately  twice  that  the  mortar.  Iml  compulsory  insi)eelion 
of  Minneapolis.  hv    |)iililic   ofiieials    is    hardly    warranted 

One  thini.' should  he  clearl.N'  uiiderslood  on    the  ^^round   of  hi^h   de^'ree  of  demon- 

by     municipal     authorities    and     l>y     the  .strate<|     daii^'cr     to     the     piihlie     health. 

general    puhli*-.    that     rcjjular    collection  It     is    certain,     too.     that     the    enforced 

and  cleanly  handling  of  ashes  and   lahle  installation     of     imiiK'Hsely     complicated 

scraps  is  not  oni"  of  the  surest  an<l  most  and   elahorate   piping  and   tra|)ping  sy.s- 

profitahle  '^vay.s  of  protecting  health  and  tenis  simply   adds  to  the  cost   of  living 

preventing 'lisease.     Kfficient  administra-  without      any      compensating      hygienic 

tion  of  this  liraiich  of  j)iiltlic  work  should  advanta^'cs.      The    jtlumhing    ordinances 

not  he  allowed  to  take  the  |)lace  of  more  of  our   large   cities   often   contain    incon- 

dircctly  fruitful  measures.  sistences    and    contradictions,     what    i.s 

Few    danirers    to    health    have    loomed  ref|uire(l    in    one    city    heing    sfinietimcs 

larger  in  the  puhlic  eye  than  that  from  forl»i<ldeii    in    anotluT.      A    revision    and 

"sewer  gas."     Elahorate  an<l  amazingly  simplification     of     niunicij)al     j)lumhing 

expensive     systems     of      plumhing      arc  regiilation.s,  a  minimizing  of  official  inspec- 

required  by  law  to  he  installed  in  every  tion   and   especially  an  education  of  the 
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public  ttitliofact  that  iliphtlu'iia.  typhoid 
fovor  aiui  scarU't  fever  have  iiexcr  Iteeii 
(letinitely  traeetl  to  sewer  air  or  liail 
phnnl>in.ii  are  means  that  ini^ht  reh'ase  a 
eonsiderahU'  siitn  of  puhlie  money  for  use 
in  |>rotital>k*  lines  of   sanitary   ench'avor. 

Another  function  at  ])resent  retiuired 
of  or  vohintarily  exercised  hy  health 
departments  is  the  jiractice  of  terminal 
disinfection  after  cases  of  infections 
disease.  This  has  come  to  ])lay  a  lari^c 
jiart  in  nuinicii)al  health  activities  and  is 
res})onsihle  for  an  important  share  of  the 
ex|>ense.  In  Boston,  for  exam})le.  in 
l!)00  about  one  tenth  of  the  annual 
appropriation  was  expended  for  disinfec- 
tion. One  of  the  most  ex])erienced  New 
England  city  health  officers  has  recently 
seriously  f)uestionc(l  the  value  of  such  an 
expenditure  for  this  purpose  iChapin. 
"Journal  American  Public  Health  Asso- 
ciation." 1911.  1.  p.  8^2).  After  a  study  of 
the  ratics  of  recurrences  in  certain 
diseases  he  conclude.s  that  "Both  theory 
and  fact.s.  .so  far  as  any  data  are  available, 
indicate  that  terminal  disinfection  after 
(iil)]ithcria  and  scarlet  fever  is  of  no 
appreciable  value."  This  view  has  met 
with  stronfr  support.  It  is  evident  that 
the  whole  fjuestion  of  disinfection  needs 
to  be  studied  afresh  with  a  view  tf)  actual 
efficacy.  It  is  not  a  subject  for  laboratory 
experimentation  alone.  l)ut  must  be 
investigated  as  a  problem  of  practical 
puV»lic  health  administration. 

Other  instances  of  the  applicatir)n  of 
energA'  and  money  to  measures  aj)parcnf  ly 
of  slight  ordouljtful  value  might  be  cited. 
but  those  already  given  are  fairly  typical. 
The  rjuestion  in  all  cases  is  not  whether  a 
particular  measure  is  entirely  de\-oid  of 
value,  but  whether  it  is  the  most  effective 
way  of  utilizing  avai]aV>le  resources. 

As  .a  matter  of  fact  there  are  a  number 
of  unquestionaVily  valuable  measures  that 
cannot  be  pro'-ecuted  with  sufficient  vigor 
becau.se  of  the  enforced  diversion  of 
funds  into  other  and  less  j)rf>fitable 
channels.  Profitable  measures  may 
sometimes  be  distingui>hcd  from  the 
fruitless  or  relatively  unprofitable  by 
their  direct  and  unmistakable  outcome 
in  the  saving  of  life  and  the  prevention 
of  disease.     A  few  illustrations  may  be 


iKitcti.  The  im|)ortance  of  control  and 
the  su])er\"ision  of  the  .sources  of  public 
water  sui)ply  has  long  been  recogiiiz<>d, 
but  the  importance  of  conlrolling  the 
c|ualit>-  of  the  public  milk  sujjply, 
although  frcfiuently  urged  by  sanitarians, 
is  not  always  ap])reciated.  At  the  present 
time  in  the  great  majority  of  American 
cities  it  is  safe  to  say  thai  for  every  case 
of  infectious  disease  due  to  drinking 
water  ten  cases  are  caused  by  infectc(l 
milk.  It  is  difficult  to  secure  adecjuale 
funds  for  llie  sanitary  control  of  the  milk 
supi)Iy.  By  sanitary  control  of  milk  is 
meant  not  the  ui)liolding  of  a  rigorous 
standard  of  butter-fat  and  total  solids, 
but  the  maintenance  of  proper  standards 
of  cleanliness  and  health  for  dairy  cows 
and  especially  the  safeguarding  of  the 
milk  from  infection  during  collection 
and  trans|)()rtation.  Under  some  condi- 
tions the  protection  of  the  consumer 
against  milk-borne  infection  may  be  best 
brought  about  l)y  compulsory  pasteuriza- 
tion of  that  y>ortion  of  the  milk  supjoly 
which  cannot  otherwise  be  raised  to 
proj)er  standard.  Whate\-cr  method  of 
control  be  adopted,  it  is  certain  that  any 
gciiuiiu'  im|)ro\ement  in  the  character 
of  a  milk  supply  will  meet  with  a  response, 
in  a  lessening  in  the  amount  of  tyj)hoid 
fever.  dii)htheria.  scarlet  fever  and  to 
some  extent  tuberculosis.  The  early 
detection  of  a  single  case  of  typhoid  fever 
f)r  scarlet  fever  f)n  a  dairy  farm  may  be 
the  nieaii^  not  only  of  j)reventing  an 
c\ten>i\e  epidemic,  but  of  avoiding  the 
formation  of  scores  of  new  foci  which  can 
in  time  serve  to  light  up  subscfjuent  cases 
for  many  years.  ProjxT  pasteurization 
of  milk  has  been  followed  in  many  cities, 
as  in  (ilasgow,  Liverpool  and  London, 
by  an  ininu-diate  and  material  reduction 
in  the  amcjunt  of  typhoid  fever.  In 
other  words  the  connection  between  an 
('Xfjenditure  of  })ublic  money  and  a  direct 
return  in  prevention  of  disease  can  be 
more  clearly  demf)nstrate<l  in  the  case  of 
milk-supply  cfuitrol  than  in  some  other 
rjf  t  lir-  usual  miiriifipal  1 1  call  li  d<'part  incnt 
activities. 

The  question  whether  the  (piality  of 
a  city  milk  supply  can  be  more  favorably 
influenced  by  in.spection  and  supervi.sion 
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at  tlie  ".oiiice  (»r  li>   ;^»'licr;ill\  ••iilorccd  ami  Aiimii^     tlic     iiietlunk     lur     uliiili     pnMic 

(•(tiitrollcd     paNtciiri/.alinii     i^     (me    upon  fiiinU  are  U'^'il  imately   a\ailal»le   iiuiie   is 

wliieli    there    is    still    some    (JitVereiiee    of  more  promising  I  liaii  t  lie  pn»\isioii  of  saii- 

opiiiioii    aiiKHi;;   experts.      'I"li«'r«'    is    liMJ<'  aloria    for    athaiieeil    eav<>s    of    eotisiimp- 

<l«uil»l.  however,  llial   simplv   as  a    mailer  lion.      New  shnliiie  ainl   K<iili  liaxc  shown 

of   t'coiiomy    of   .Mlmiiiislialittii    mmkIi     is  thai   the  ;;eneral  (jimimition  in  the  <leath 

to  lie  saiil  at    pre-ent   in  favor  of  cent  ral-  rate   from    I  ulierculusis  oltvcrxeij    in    ino^l 

ized    pastenri/at ion    of   a  lar^'e  portion  of  countries  can  lie    more    readiK     traced    to 

the    sM|»pl\-.       \ieweil    as    a     mclliod    for  this   s(,iir<c   than   to  an>    other,  and    that 

pr«'\'entini.'    a    lar::e    mimlicr    of    c'a><-    of  in    addition    to    its    humanitarian    aiUan- 

ilifeetions     disease     at      relatively      -inall  ta^'c^   of   se^re^'alion    and    proper   control 

«'\penditure    the    pasteuri/at  ion    of    milk  of  t  In- advanced  an<l  danj.'eroiis|y  infect  ivc 

<ertainly     ranks     hi^'h     arnoim     ellt-ctivc  cases  is  ()m<>  of  the  most    useful   methods 

health  m«'asur«'s.  that  can  he  «'mploy<'il  Ity  the  eommunit.v 

One    of    the    important    Kacteriolouical  to    prolt'ct    itself    a^zairist    the    spread     of 

advaiicivs  of  the  last   few  years  has  Im-cii  t ulier<ul«tns   infection. 

the  discovery  that  a  considi'raMe  numher  .\nother  field  in  which  [iractical  worker.s 

of     healthy      persons,     coiivaleseents     or  are  convinced  that  certain  measures  have 

«»thers.    harhor    disease    j,'erms    and    that  direct    eflicacv    in    saving'   life    is    that    of 

these    persons    are    important    a^'cnts    in  infant  niortalit.v.   If  hasevenl»eensaid  t  hat 

spn-adintr     disease.     The    detection     and  for  the  expendit  iir«'  of  a  certain  sum  the 

[»ro|)er  treatment  of  disease  p'rm-earriers.  sav  int:  of  a  life  can  l»e  guaranteed.     (  cr- 

parlicnlarly   in   the  more  serious  diseases  tain     it     is     that     in     few     pultlic     health 

and   liefore  or   in   the  early   sta^'es  of  an  activities  is  rat i<»  liet ween  effort  expended 

epidemic,  is  now   recoirni/cil  as  an  im|)or-  and     rc^ulU    ohtained     so    clcarlv-     seen, 

taut    althou^'h   diHicull    task.      From   this  No     o?ic     douKts      today     that      |)ronipt 

point  of  view  inspeeli()n  of  school  children  notification    of    liirths,    education    of    the 

especially  at  the  lK'«:innin<,'  of  the  sch(i<»l  mother    throuL'h    an.v     one    of    a    numhcr 

year,  is  prohahly  to  lie  classed  a- a  liiL'hI.v  of    a^'en<ics     and     s|)«(ial     provision     for 

|)ro(ital)h'  activit.v,   althouuh    it    is    to    he  suilahle    feeding'    of    infants    durin;:    hot 

wislM-d     that     fuller     and     hef ter-studied  weather    are    factors    that    are    hound    to 

statistics     were     availahle.       The     whole  tell   powerfully  in  the  recluction  of  infant 

(picslion  of  the  control  of  jierm -carriers  is  inortalit.v.     It  ma.v  confident  l.v  he  asserted 

one  that    m-eds  more  careful  study  with  a  that  the  de^'ree  of  success  achieved  will  he 

view  to  determining  the  actual  results  of  limited  oidv  hv    the  amount   of  endeavi»r 

the  method-  employed.  the   community    is    williriL'    to    put    forth. 

.\s  an   ut»douhtedly   important    protec-  In    the    prevention    of    infant     niortalit.v 

live    measure    is    to    he   j)ut    the  adoption  puhlic  health  activity  need  not  he  direct<'d 

of  a   safe;ruarderl   and   staiiclardizccl   form  toward    n-mote    or    |»ossihh>  dangers,  hut 

of  privy  in  all  rural  communities  and  the  to  reiiiov  in;,'  or  remedvini:  caii-es  known 

total  aholition  of  the  privy  in  all  thickly  to  produce  loss  of  life. 

settled   towns.      Kor  lack  of  such   reiiula-  It    is    impossihle   at    jjresent    to    apply 

tioiis  ^(,i|   |)ollution  occurs,   the   house-fly  rlirecf  tests  of  ellicieiiey  to  some  measures 

finds    an    opi)orlunily    to  transfer  disease  that    uiidouhtedly  promote  health,     'i'lic 

germs  and  typhoid  fever  and  hookworm  influence   of   playgrounds,    puhlie   hatlis, 

<Iisease    hecome    constant     plagues    over  regulation  of  the  hours  of  lahfir  in  extra 

wide  regions.  arduous    industries   and    the    like    is    real 

In    th<>   campaign  against  tiiherculosis.  if  jt   cannot   he  accurately  determined  or 

it    is   perhaj)s   too  early   to   evaluate    the  estimated.     ( 'ertain  activities  of  a  health 

numerous   methods   that    have  heen   pro-  department     may    he    worth    continuing 

posed    for    lessening    or    eradicating    this  for     their    educational     value,     alfhougli 

disease,    hut    it    is    aIr<Mdy   evident    that  their   direct    utility    may    he   fjuestioned. 

some    are    more    directly    repaying    than  Many  topics  need  investigation  in  order 

otiiers  in  j)roportion  to  the  effort  involved,  to  discover  their  real  bearing  upr»n   the 
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jiuMii"  health,  siu-h  as  the  olVtHt  »•!'  a 
^^inoky  alinosphoro.  the  aUoiiod  iumnous 
strain  due  to  city  iu>iso  aiul  luiiiu-ioiis 
questions  in  the  Joniain  of  foinl  athilteia- 
tion  and  eontaniination.  Premature  and 
drastie  action  l\v  healtli  autliorit ie-^  in 
matters  ei>neernins:c  which  there  is  ])n)- 
found  di^aLrreement  amouiX  e\])erts  may 
east  (n>>eredit  on  otlier  hues  oi"  aeti\ily 
in  which  there  is  and  can  l)c  no  (litl'(M-cnce 
of  ojjinion. 

For  the  j^rescnt  it  seein-<  worth  whiU'  to 
emphasize  more  sharply  than  heretofore 
the  distinetitui  lietwecn  ])ul)nc  health 
measures  of  ])roved  \ahic  and  those 
that  owe  their  existence  to  tradition  or 
to  misdirected  and  ])remature  enthusiasm. 
Further  study  of  the  actual  efl'ect  of 
])articular  activities  is  also  much  need(>d 
and  as  a  preliminary  to  such  study  the 
proper  collection  and  handlin<f  of  \ital 
statistics  is  essential.  It  is  ])oor  mana^'e- 
ment  and  unscientific  i)rocedure  to  con- 
tinue to  work  Mindly  in  mattters  pertain- 
ing to  the  public  health,  to  em])loy 
measures  of  whose  real  efficiency  we  are 
ignorant  and  even  to  refrain  from 
collecting  facts  that  might  throw  light 
upon  their  efficiency. 


WHOLESOMENESS  OF  ICE 

Phofessoh  Skdcjwick  in  charge  of  the 
Department  of  Biology  and  Public  Health 
has  V)een  devoting  a  great  deal  of  atten- 
tion to  the  subject  of  the  wholesomeness 
of  ice.  He  made  the  following  statement 
before  a  convention  of  ice  dealers  which 
is  having  wide  circnlatioii  in  lln'  d;iily 
press : 

"Many  ty|)hoid  germ.s  are  killed  by 
freezing  and  after  two  week.s'  exposure 
in  the  ice,  upward.s  of  90  per  cent,  die, 
the  remaining  germs,  while  fpiite  hardy, 
gradually  are  weakened  and  eventually 
fiie.  A.S  a  vehicle  of  disease,  ice  is  jjlainly 
far  less  dangerous  to  the  i)ublic  heal  I  h 
than  is  either  water  or  milk." 

Professor  Sedgwick  further  stated,  "  I 
consider  that  this  statement  should  be 
a  most  valuable  one.  The  public  most 
certainly  has  an  idea  that  ice  is  more 
dangerous  than  either  water  or  milk 
and  it  is  vour  dutv  that  this  idea  slifjuhl 


l>c     pcrmaiuMitly     i-cMno\(Nl     IVoin     their 
minds. 

"Ill  my  tests  1  lia\  (vshow  II  that  typhoid 
bacilli  ar(>  killed  when  stored  in  ice  afliM" 
nine  weeks,  and  that  \\.  Coli  Communis, 
the  ordinary  intestinal  germs,  are  killed 
alter  a  ])eriod  of  twehe  we(>ks.  Most 
natural  ice  is  stored  for  longer  than  this 
jxM'iod  and  while  you  are  aware  of  these 
facts,  the  i)ublic  to  whom  you  sell  the 
ie(>  is  not  aware  of  them.  I  have  made  a 
large  number  of  examinations  this  winter 
and  for  the  |)ast  five  or  six  winters,  of  ice 
harvested  in  New^  York,  Pennsylvania, 
New  Jersey  and  Connecticut,  and  in 
every  case  where  a  subsetiuent  examina- 
tion was  made  in  June  or  July  the  ac- 
curacy of  my  figures  as  to  the  efi'ect  of 
temperature  on  bacteria  in  ice,  has  been 
verified. 


THE  POWER  OF   AN   AIR  BRAKE 

Some  idea  of  the  j)ower  of  an  air-l)rake 
may  be  gained  from  the  following  facts: 

It  takes  a  ])owerful  locomotive  drawing 
a  train  of  ten  passenger  cars  a  distance  of 
about  five  miles  to  reach  a  sj)ee(l  of  sixty 
miles  j)er  hour  on  a  straight  and  level 
track.  The  brakes  will  stop  the  same 
train  from  a  sj)eed  of  sixty  miles  per 
hour  in  700  feet.  Roughly  it  may  be 
stated  that  a  train  may  be  stopped  by 
the  brakes  in  about  three  per  cent,  of  the 
distance  that  must  be  covchmI  to  give  it 
its  speed.  l.  k.  m. 


GAS     EXCilXES    IN    IIKill     ALTI- 
TI'DES 

A  LARGE  gas  engine  plant  was  recently 
erected  several  thousaJid  feet  above  sea 
level.  The  engines  did  not  giv^e  the 
I)Ower  expected,  and  it  was  finally  con- 
cluded that  the  loss  was  due  to  the  alti- 
tude of  tlie  slat  ion.  Cpon  investigation 
of  the  theoretical  and  practical  consid- 
erations involved,  it  was  found  that  there 
is  a  loss  of  about  one  per  cent,  of  the 
indicated  horse  power  for  each  1,000  feet 
of  increase  in  elevation.  The  effect 
with  a  low  ratio  (jf  compression,  is  slightly 
less  than  with  a  high  degree  of  compres- 
sion. 
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